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LETTER  TO  THE  SECRETARY. 


Washington,  July  1,  1874. 
Sir  :  In  accordance  with  your  instrnctions,  I  have  the  honor  to  present 
for  your  approval  the  Seventh  Annual  Report  of  Progress  of  the  United 
States  Geological  Survey  of  the  Territories  for  the  fiscal  year  commencing 
July  1,  1873,  and  ending  June  30, 1874.  In  my  letter  to  the  Secretary 
of  the  Interior,  dated  January  27,  1873,  (Ex.  Doc.  No.  1G6,)  inviting  his 
attention  to  some  views  in  behalf  of  an  appropriation  for  continuing 
the  survey  of  the  Territories,  and  his  recommendation  of  the  same,  the 
plan  of  operations  for  the  ensuing  season  was  marked  out  in  general 
terms  as  follows : 

For  the  last  two  years  the  survey  has  operated  aboat  the  sources  of  the  Missouri  and 
Yellowstone  Rivers ;  but  the  expenses  of  transportation,  subsistence,  and  labor  are  so 
great  that  it  seems  desirable  to  delay  the  further  proseoutiou  of  the  work  in  the 
Northwest  until  railroad-communication  shaU  be  established.  The  Indians,  also,  are 
in.  a  state  of  hostility  over  the  greater  portion  of  the  country  which  remains  to  be 
explored.  It  seems  desirable,  therefore,  to  transfer  the  field  of  labor,  for  the  coming 
season,  to  the  eastern  portion  of  the  Rocky  Mountain  range,  in  Colorado  and  New 
Mexico.  I  propose  to  commence  with  the  southern  limit  of  the  belt  of  the  survey  of 
the  fortieth  parallel,  so  successfully  comi)Ieted  under  the  direction  of  Mr.  Clarence 
King.  The  northern  limit  of  the  area  marked  out  is  latitude  40^  30';  the  western  limit, 
the  east  bank  of  the  Green  and  Colorado  Rivers ;  the  eastern  limit,  the  one  hundred 
and  third  meridian  west  of  Greenwich,  extending  the  belt  southward  to  the  south  line 
of  the  United  States. 

There  is  probably  no  portion  of  our  continent,  at  the  present  time,  which  promises 
to  yield  more  useful  results,  both  of  a  practical  and  scientific  character.  This  region 
seems  to  be  unoccupied,  at  this  time,  as  far  as  I  am  aware,  by  any  other  survey  under 
the  Government,  and  the  prospect  of  its  rapid  development  within  the  next  five  years, 
by  some  of  the  most  important  railroads  in  the  West,  renders  it  very  desirable  that  its 
resources  be  made  known  to  the  world  at  as  early  a  date  as  possible. 

In  accordance  with  the  recommendation  of  the  Secretary  of  the  In- 
terior, an  appropriation  of  $75,000  was  made  for  the  systematic  survey 
of  Colorado,  and,  at  as  early  a  date  as  the  season  would  permit,  the 
party  reached  Denver.  This  place  formed  our  starting-point  for  the 
various  portions  of  the  territory  which  had  previously  been  marked  out 
for  the  seavson-s  work.  Early  in  the  winter,  the  area  to  be  surveyed  in 
Colorado  was  divided  into  three  districts,  and  a  preliminary  map  was 
constructed,  based  on  the  land-surveys  of  those  portions  concerning 
which  there  was  any  definite  knowledge.  We  found  that  none  of  the 
existing  maps  were  of  any  great  service  in  the  more  elevated  i)ortions 
of  Colorado.  The  area  to  be  surveyed  comprised  the  eastern  portion  of 
the  mountainous  part  of  Colorado,  and  it  was  separated  into  three  dis- 
tricts :  North,  JMiddle,  and  South  districts. 

1   6  S 


2  GEOLOGICAL   SURVEY   OF   THE   TERRITORIES. 

As  soon  as  suitable  preparations  could  be  made  at  Denver,  three  well- 
equipped  parties  were  assigned  to  these  ai*eas.    Each  party  consisted  of 
a  topographer,  an  assistant  topographer,  a  geologist,  two  packers, 
and  a  cook.    There  were  usually  two  or  three  others  attached  to  each 
.  party  as  general  assistants  or  collectors  in  natural  history. 

There  were  also  three  other  parties,  with  very  important  duties  to  per- 
form :  First,  a  party  under  Mr.  James  T.  Gardner,  to  carry  the  i)rimary 
triangulation  over  the  entire  area  to  be  explored,  thus  connecting  and 
harmonizing  the  work  of  the  first  three  parties ;  secondly,  the  photo- 
graphic party,  under  Mr.  Jackson,  which  also  passes  over  the  entire 
field,  gathering  such  information  and  procuring  such  views  as  will  be 
useful  to  all  the  other  parties  and  to  the  public  generally ;  to  this  party 
are  also  attached  one  or  two  naturalists  or  collectors ;  thirdly,  the 
quartermaster's  party,  which  furnishes  supplies  to  all  the  others.  It  is 
very  important  that  the  working  parties  in  the  respective  fields  shall 
lose  no  time  from  their  proper  duties,  and,  with  this  systematic  arrange- 
ment, they  may  w^ork  through  an  entire  season  without  the  loss  of  even 
a  day.  During  the  present  season  (1874)  there  will  probably  be  a  party, 
consisting  of  a  topographer  and  the  necessary  assistants,  under  the  im- 
mediate direction  of  the  chief  geologist,  which  will  make  special  studies 
of  some  of  the  more  complicated  areas  already  examined  during  the 
last  year.  .  This  will  render  the  final  work  more  complete. 

It  will  be  seen,  therefore,  that  the  organization  is  complete  and  com- 
pact, and  prepared  for  the  systematic  work  for  which  it  is  intended.  It 
may  be  enlarged  at  any  time  to  meet  the  needs  of  the  Government. 
The  addition  of  one  or  more  parties  at  any  time  does  not  affect  the 
integrity  of  the  organization.  Each  one  of  the  parties  is  complete  in 
itself,  and  may  be  sent  to  any  portion  of  the  public  domain  as  the  needs 
of  the  Department  may  require. 

The  divisions  operating  in  the  districts  assigned  during  the  season  of 
1873  were  denominated  for  convenience  the  First  or  Middle  Park  divis- 
ion. Second  or  South  Park  division,  and  the  Third  or  San  Luis  division. 
The  Middle  Park  division  was  directed  by  A.  E.  Marviue,  assistant 
geologist,  with  G.  K.  Bechler,  topographer,  and  S.  B.  Ladd,  assistant 
topographer.  E.  T.  Luce  and  S.  H.  Nealy  were  attached  to  this  division 
for  a  portion  of  the  season  as  general  assistants. 

The  following  interesting  abstract  has  been  prepared  by  ]\rr.  Marvine 
of  the  work  of  his  division,  w-liieh  will  apply,  for  the  most  part,  to  the 
others. 

The  area  surveyed  by  the  Middle  Park  division  of  the  United  States 
Geological  and  Geographical  Survey  of  the  Territories  during  the  season 
of  1873  comprised  an  area  of  about  fifty-six  hundred  square  miles,  approx- 
imately in  the  form  of  a  rectangular  belt,  its  eastern  end  resting  on  the 
plains  near  Denver  City  and  stretching  westward  across  the  main  chain 
of  the  Rocky  Mountains,  including  the  Middle  Park. 

The  methods  of  survey  were  precisely  the  same  as  in  the  other  divis- 
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ioDS  of  the  party ;  the  main  portion  of  the  work  being  done  from 
graphical  stations  situated  upon  the  most  commanding  points  with! 
region,  together  making  a  system  of  secondary  triangles  within  th< 
mary  system.  From  these  commanding  points,  of  which  seventy,  av- 
ing  about  eight  miles  apart,  were  occupied  during  the  season,  both  d 
age-sketches  expressed  in  contours,  and  i>erspective  profile-sket 
were  made  by  the  topographers,  and  angles,  both  horizontal  and  ver 
taken  to  all  the  intersections  of  streams,  their  principal  crooks 
bends,  all  points,  spurs,  saddles,  and  sudden  changes  of  slopes ;  w 
with  similar  angles  taken  from  adjacent  stations  upon  the  same  pc 
served  to  fix  their  iK)sitions  and  elevations;  and  with  the  thousan* 
X>oints  thus  fixed  during  the  season  with  an  exceedingly  close  app 
mation  to  absolute  truth,  the  map  is  filled  in  from  sketches  mad 
the  topographer. 

.  The  geologist,  meanwhile,  has  made  his  own  detailed  and  sp 
studies  and  sections  along  the  route  traveled,  or  on  special  trips  for 
purpose  'y  and  this  detail  he  generalizes  from  the  higher  stations  i 
by  the  topographer,  obtaining  extensive  views  from  them,  from  w 
he  can  trace  his  formations  across  the  country;  and  with  the  local 
and  directions  furnished  by  the  topographer  more  accurately  and  ret 
than  he  can  obtain  them  himself,  he  can  secure  data  by  which  he 
readily  color  a  general  geological  map  upon  his  return.  Indeed, 
to  entering  the  field  with  a  finished  topographical  map  of  the  regie 
be  examined,  a  thing  as  yet  impossible  in  our  West,  the  union  of  to 
raphy  and  geology  in  one  and  the  same  party  best  furnishes  the  < 
for  a  realization  of  the  full  value  of  the  otherwise  more  or  less  die 
nected  observations  of  the  geologist;  and  equal  benefits  accrue  to 
topographer,  for  mannerism  and  inexpressive  effects  are  inevit 
results  when  a  topographer  sees  but  the  surface  of  a  country  and  un 
stands  not  its  anatomy.  Association  of  topographer  and  geologist  1 
leads  to  benefits  to  each,  and  is  certainly  a  great  advantage  to  the 
tern  of  field- working  now  followed  by  the  survey. 

The  first  chapter  of  his  report  deals  with  the  main  drainagesyst 
and  principal  topographical  features  of  the  whole  district,  which  m 
rial  is  greiitly  supplemented  by  the  report  Mr.  Ladd  has  prepared  u 
the  means  of  communication,  elevations,  distribution  of  timber,  gi 
lands,  and  population. 

The  Sedimentary  rocks  underlying  the  great  plains  are  all  throwi 
along  the  mountain-base,  with  their  edges  exposed.  The  tbrmat 
thus  exposed  form  the  subject  of  Chapter  II,  where  they  are  treate< 
order  from  the  lowest,  the  Triassic,  resting  directly  on  the  Arch 
rocks,  through  the  Jurassic,  Cretaceous,  and  Lignitic  (Upper  Cretac< 
or  Eocene,)  with  a  few  facts  about  the  more  recent  gravels  and  lava 

The  detail-characters  of  the  lower  beds  are  exhibited  (Plate  I)  in  de 
sections  made  at  six  points  along  the  front  of  the  mountains,  while  t 
structural  features — the  more  simple  fold  of  the  south,  the  more  < 
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plex  echelon-folds  of  the  nortb,  and  the  changes  between — are  shown 
(Plate  II)  by  cross-sections  at  seventeen  points  along  the  mountain-front. 
A  map  to  show  the  distribution  of  the  Lignitic  coal-openings,  with  rail- 
roads, &c.,  is  also  given,  and  attention  paid  to  what  is  at  present  known 
concerning  the  usefulness  of  these  coals. 

The  mountains  are  composed  of  a  great  series  of  metamorphic  schists, 
gneisses,  and  granites  of  pre  Silurian  age,  (with  minor  masses  of  erupt- 
ive rocks,)  all  thrown  into  a  complex  system  of  folds,  which  are  very 
dillicult  to  trace  on  account  of  the  absence  of  permanent  features  in  any 
one  horizon ;  metamorphism  so  frequently  obscuring  what  distinctive 
features  certain  strata  may  possess  for  a  little  distance.  A  single, 
indeed  many,  season's  work,  would  be  insufficient  to  unravel  the  problems 
in  structure,  but  more  especially  in  metamorphism,  here  presented. 
Even  such  material  as  is  here  i)resented  cannot  be  made  fully  available 
until  carefully  plotted  on  tlio  final  map.  In  the  mean  while,  how- 
ever, Mr.  Marviue  has  prepared  a  provisional  geological  map  of  the 
eastern  slope  of  the  front  range,  where  these  rocks  were  best  studied, 
which  shows  their  general  structure,  accompanying  it  with  a  brief  chap- 
ter on  the  more  general  phenomena  here  observed. 

The  Sedimentary  rocks  of  the  Middle  Park  form  the  subject  of  Chap- 
ter IV,  their  distribution  being  shown  on  the  accompany hig  map,  and 
their  structure  by  the  five  cross-sections  on  Plate  III,  together  with 
minor  sections  and  figures.  The  relations  between  the  geology  and  the 
topography  is  particularly  ifeferred  to.  The  more  interesting  geological 
features  here  observed  are  :  that  the  Cretaceous  rocks  seem  to  be  the 
oldest  Sedimentaries,  resting  directly  on  the  Archaean,  a  decided  uncon- 
formability  of  deposition  between  the  Cretaceous  and  Lignitic  formations, 
proving  that  a  small  east  and  west  anticlinal  fold,  which  occurs  along 
the  Lower  Grand  River  in  the  Park,  was  formed  at  the  close  of  the  Cre- 
taceous, and  before  the  more  extended  Rocky  Mountain  uplift ;  the 
inclination  of  probably  post-Tertiary  lake-beds,  pointing  to  a  compara- 
tively recent  slight  continuation  of  this  uplift;  and  interesting  glacial 
phenomena. 

The  energy  and  devotion  to  the  work  displayed  by  Mr.  IMarvine 
merit  the  highest  commendation,  and  the  results  so  admirably  brought 
out  in  his  report,  as  shown  by  the  above  short  r(5sum6,  are  but  the  prom- 
ise of  the  future.  The  map  of  the  first  district,  prepared  b}'  Mr.  Bech- 
ler,  with  the  assistance  of  Mr.  Ladd,  will  be  engraved  the  present  sum- 
mer, and  will  more  than  sustain  the  high  reputation  which  he  gained 
by  his  labor  in  the  Snake  River  district  during  the  season  of  1872. 

During  the  field-season  of  1873,  Henry  Gannett  was  topographer  in 
chargeoftheMiddleorSouth  Park  division.  This  party  consisted,  during 
the  greater  part  of  the  season,  of  eight  men.  Dr.  A.  C.  Peale,  division 
geologist;  W.  Rush  Taggart,  assistant  division  geologist;  Henry  W. 
Stuckle,  assistant  topographer;  J.  H.  Batty,  naturalist ;  two  packers; 
and  a  cook. 
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The  area  assigned  to  this  party  is  limited  od  the  north  by  the  paral- 
lel of  latitude  of  39©  15' ;  on  the  south  by  the  parallel  of  38O30' ;  on  the 
east  by  the  eighth  guide-meridian  of  the  land-survey,  and  on  the  west  by 
the  one  hundred  and  seventh  meridian. 

The  party  left  Denver  on  May  29,  and  commenced  field-work  on  June  1, 
and  ended  October  21.  The  secondary  triangulation  and  the  topograph- 
ical work  of  the  district  were  completed,  with  the  exception  of  a  part 
of  the  country  in  the  immediate  neighborhood  of  the  North  Fork  of  the 
South  Platte,  and  a  small  area  on  Ten-Mile  Creek,  which  will  be 
completed  early  this  season. 

In  the  prosecution  of  the  topographical  work,  ninety-six  stations  of 
sufficient  importance  to  be  numbered  were  made,  besides  a  large  num- 
ber, twenty-five  or  thirty,  of  minor  importance,  for  obtaining  local 
details,  &c. ;  nine  peaks  exceeding  14,000  feet  in  elevation,  and  a  ver^^ 
large  number  of  peaks  exceeding  13.000  feet,  were  measured  as  accur- 
ately as  possible  by  barometer  or  theodolite.  All  the  important  passes 
in  the  mountain-ranges  within  this  district  were  examined. 

During  the  winter  and  spring,  in  the  office,  Mr.  Gannett  has  made  a 
map  on  a  scale  of  two  miles  to  one  inch,  in  200-foot  contours  of  the 
area  worked,  and  has  also  reduced  the  hypsometric  work  of  the  season. 
He  has  prepare  for  the  press  a  new  edition  of  the  *' Lists  of  Elevations 
West  of  the  Mississippi  River,"  (which  will  contain  about  75  octavo-pages,) 
and  has  prepared  a  short  geographical  report,  and  a  short  memoir  on 
the  results  of  the  trigonometric  leveling  carried  on  during  the  past 
season. 

Doctor  Peale,  the  geologist  of  the  South  Park  division,  was  assisted  by 
Mr.  W.  R.  Taggart,  and  their  plan  of  work  was  as  follows :  One  per- 
formed the  detailed  work  at  or  near  camp,  such  as  making  measured 
sections,  collecting  fossils,  &c.,  while  the  other  accompanied  the  topo- 
grapher to  the  station  selected  for  the  day's  observations,  which  was 
generally  the  highest  point  in  the  immediate  region.  At  the  latter 
place,  the  boundaries  of  the  geological  formations  were  defined  in  colors 
on  a  drainage-sketch ;  this  was,  of  course,  based  on  previous  detailed 
work.  In  this  manner,  the  geologist  was  able  to  make  much  more  per- 
fect results  than  he  could  otherwise  have  done.  The  amount  of  labor 
thus  performed  by  this  party  was  very  great,  and  reflects  great  honor 
on  the  survey. 

The  labors  of  Mr.  J.  T.  Gardner  during  the  season  of  1873  have  shown 
the  importance  of  careful  instrumental  observation  in  raising  the  stand- 
ard of  the  topographical  work  of  the  survey.  His  methods  will  be 
explained  more  fully  by  himself  in  a  subsequent  portion  of  this  report. 

The  primary  triangulation  during  the  season  of  1873  covers  about 
17,000  square  miles.  Over  two-thirds  of  this  area  the  triangles  are 
completed,  and  the  third  angles  of  the  remaining  triangles  will  be  ob- 
served this  season. 

Sixteen  stations  were  visited  and  the  angles  at  them   repeatedly 
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observed.    Thirty-two  more  jwints  were  located  from  the  primary  sta- 
tions by  cuts. 

Forty-seven  closed  triangles  were  used  in  the  adjustment  of  the  sys- 
tem. Their  mean  error  of  closure,  after  reduction  for  spherical  excess, 
is  liy'.3. 

Two  of  the  principal  stations  were  accurately  located  in  latitude  and 
longitude  by  the  United  States  Coast  Survey. 

Azimuths  were  observed  at  five  of  the  stations. 

The  system  of  triangles  rests  upon  a  base  about  six  miles  long  near 
Denver.  This  was  twice  measured  with  a  steel  tape  under  twenty 
pounds  strain  and  the  temperature  taken  every  five  minutes.  A  check- 
base  will  be  measured  this  year.  A  secondary  triaugulation,  resting 
upon  this  primary,  was  carried  by  the  topographers  over  the  same  area. 
The  primary  triangles  range  from  thirty  to  sixty  miles  in  the  length 
of  their  sides,  while  the  secondary  average  eight  miles. 

Mr.  A.  D.  Wilson,  a  topographer  of  large  experience,  directed  the  San 
Luis  division.  His  method  of  work  was,  on  arriving  at  his  field  of  labor, 
to  select  a  peak  from  which,  in  his  judgment,  he  could  see  the  surround- 
ing country  to  the  best  advantage,  and  from  this  also  to  choose  other 
points  in  advance.  These  points  or  stations  were  carefully  located  by  a 
system  of  secondary  triangles,  connecting  directly  wi^h  the  primary- 
triangulation  points,  several  of  which  were  visited.  From  each  station 
were  taken  angles,  both  vertical  and  horizontal,  to  all  peaks,  passes, 
ends  of  spurs,  streams,  junctions  of  roads,  and  all  recognizable  features 
of  the  country.  The  drainage-sketches  and  instrumental  observations 
were  made  by  Mr.  Wilson,  while  the  assistant  to[)ographer,  Mr.  Chit- 
tenden, was  employed  in  making  profile-sketches  and  observing  the 
barometer.  Barometric  observations  were  made  at  all  stations,  camps, 
passes,  valleys,  and  places  of  note.  The  district  thus  surveyed  em- 
braced an  area  between  longitude  104^  30'  and  107^  and  latitude  37^  50^ 
and  38°  45',  of  about  eight  thousand  four  hundred  square  miles.  Within 
this  district  ninety-nine  regular  stations  were  made  by  Mr.  Wilson,  be- 
sides ten  or  twelve  by  the  assistant,  which  give  an  average  distance 
from  station  to  station  of  seven  or  eight  miles. 

According  to  instructions  received.  Doctor  Endlich,  geologist  for  the 
San  Luis  division,  visited,  on  May  17, 1873,  the  mining-regions  of  Gilpin, 
Bowlder,  and  Clear  Creek  Counties  in  Colorado,  remaining  there  until 
July  1.  During  that  time  all  the  important  mines  in  operation  were 
personally  inspected,  with  a  view  of  determining  their  geological  and 
mineralogical  relations  among  themselves  as  well  as  with  reference  to 
the  geognostic  formations  surrounding  them.  On  July  3,  the  San  Luis 
division,  to  which  he  was  attached  as  geologist,  took  the  field,  and 
remained  in  active  field-service  until  October  5.  Eight  thousand  four 
hundred  square  miles  were  surveyed  topographically  and  geologically, 
and  particular  attention  paid  to  the  agricultural  and  mineralogical 
resources  of  the  country  traversed. 
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Geological  work  and  topographical  observations  were  carried  on  in 
harmony  with  each  other,  so  that  the  geologist  was  able  to  prepare  a 
map  showing,  with  a  considerable  degree  of  accuracy,  the  horizontal 
distribution  of  formations  throughout  the  district  assigned. 

The  topographical  stations  were  almost  invariably  accepted  by  the 
geologist  as  suitable  for  his  examination,  and  a  co-operation  was  thus 
secured  that  must  render  better  results  than  can  be  obtained  by  any 
other  method  which  may  claim  to  cover  an  equally  large  area. 

During  the  winter  of  1873-'74,  the  report  npon  the  sections  examined 
was  worked  up  from  the  notes  taken  in  the  field.  A  large  map,  showing 
the  distribution  of  formations,  was  prepared,  and  a  report  submitted.  This 
report  is  divided  into  four  chapters  and  an  appendix ;  the  first  chapter 
treating  of  the  mining-regions  explored ;  the  three  next  of  the  geology 
of  the  San  Luis  district,  which  was  divided  into  three  sections  in  order 
to  facilitate  descriptions  and  the  comprehension  of  localities.  In  the 
appendix  are  contained  "  Mineralogical  notes,"  describing  two  new  spe- 
cies of  mineral,  and  the  occurrence  of  native  tellurium — being  the 
second  locality  in  the  world  where  it  occurs — and  a  "Catalogue  of 
minerals  found  in  Colorado  Territory,^  enumerating  over  one  hundred 
and  fifty  species,  by  far  more  in  number  and  locality  than  had  ever  bt*- 
fore  been  reported  from  that  Territory. 

Experience  in  the  field  has  shown  most  dearly  the  necessity  of  com- 
bining topographical  observations  with  geological  research.  Of  all  maps 
that  are  of  importance  and  great  use  to  the  geologist,  contour-maps 
must  be  preferred.  He  may  note  by  his  observations,  and  express  by 
means  of  vertical  sections,  the  arrangement  of  strata  throughout  a  cer- 
tain mountain,  ridge,  or  range,  and  the  contour  given  on  the  map  will 
then  greatb' fiicilitate  his  work  by  enabling  him  to  define  more  correctly 
than  in  any  other  way  the  limits  of  the  successive  strata. 

From  the  stations  selected,  the  geologist  can  indicate  the  points 
important  for  his  work;  the  topographer  can  locate  these  points  and 
reproduce  them  on  the  maps  which  are  plotted  during  the  winter  follow- 
ing the  field-work,  thus  giving  to  the  former  data  that  must  be  in- 
valuable to  any  one  who  appreciates  precise  work,  even  when  done  on 
so  large  a  scale. 

Mr.  W.  H.  Jackson  performed  his  duties  in  the  field  with  his  usual 
success.  His  triumphs  in  the  mountain  regions  of  Colorado  are  already 
well  known  all  ovep  the  country.  The  panoramic  views  of  the  mountain- 
peaks  have  been  of  great  value  to  the  topographer  as  well  as  the  geolo- 
gist, and  have  proved  of  much  interest  to  the  public  generally. 

Mr.  W.  U.  Holmes  also  made  numerous  panoramic  sketches  from 
the  high  peaks  used  as  primary  stations.  The  value  of  the  present 
report  is  greatly  increased  by  the  beautiful  and  accurate  sketches  and 
sections  from  the  results  of  his  skill  in  the  field  and  in  the  office.  His 
knowledge  of  structural  geology  is  such  that  he  merits  the  position  of 
assistant  geologist. 
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]\Ir.  James  Stevenson  acted  as  quartermaster  and  executive  officer  of 
the  survey,  and  performed  the  labors  incident  to  bis  department  with 
judgment  and  fidelity. 

Mr.  Robert  Adams,  jr.,  of  Philadelphia,  acted  as  assistant  quarter- 
master, with  entire  satisfaction. 

By  the  kind  permission  of  General  Sherman  and  General  Ord,  Lieut. 
W.  L.  Carpenter,  U.  S.  A.,  accompanied  the  survey  as  naturalist,  and 
the  result  of  his  zeal  in  the  work  is  well  shown  in  subsequent  i)ortions 
of  this  report. 

Prof.  W.  D.  Whitney,  of  Yale  College,  rendered  most  valuable  assist- 
ance to  Mr.  Gardner  in  his  geographical  work,  for  the  months  of  July 
and  August,  without  compensation  from  the  Government. 

Mr.  Leo  Lesquereux  is  permanently  attached  to  the  survey  as  paleon- 
tologist. He  has  just  comjileted  a  memoir  on  the  fossil  flora  of  the 
Dakota  group,  with  thirty  plates,  and  is  now  preparing  a  second  me- 
moir on  iho  flora  of  the  Lignitic  group,  which  will  contain  over  sixty 
plates.    This  work  will  be  ready  for  publication  in  about  six  months. 

Mr.  F.  B.  Meek,  the  eminent  paleontologist,  is  also  a  member  of  the 
survey,  and  has  nearly  completed  his  most  valuable,  but  long  delayed, 
memoir  on  the  invertebrate  fossils  of  the  West,  which  will  go  to  press 
the  present  summer.  It  will  contain  forty -five  beautifully-engraved 
plates,  all  of  which  are  now  finished. 

Prof.  C.  Thomas  will  remain  in  charge  of  the  otTice,  superintending 
the  printing  of  the  reports  while  the  main  party  is  in  the  field. 

The  survey  is  under  obligations  for  most  valuable  papers  from  Dr.  A. 
S.  Packard,  S.  I.  Smith,  A.  E,  Verrill,  U.  A.  Hagen,  and  Baron  IL  Os- 
tensacken. 

I  have  only  words  of  commendation  for  all  the  members  of  the  survey 
for  their  devotion  to  the  work. 

To  the  officers  of  the  various  railroads  in  the  West,  to  the  citizens  of 
Colorado,  and  to  the  press  all  over  the  country,  the  survey  is  under 
many  obligations. 

niSTOEY  OF  TUE  SURVEY. 

A  brief  history  of  the  survey  may  not  be  out  of  place  in  this  connec- 
tion and  at  the  present  stage  of  its  progress.  In  the  spring  of  1SC7, 
when  the  Territory  of  Nebraska  was  admitted  into  the  Union  as  a  State, 
Congress  passed  a  bill  setting  apart  the  unexpended  balance  of  the  ap- 
propriation for  the  legislative  expenses  of  the  Territory  for  the  purpose 
of  procuring  a  geological  survey  of  the  State.  The  amount  proved  to 
be  about  $5,000,  and  the  summer  of  1867  was  occupied  in  making  an 
examination  of  the  eastern  portion  of  the  State.  A  preliminary  report 
was  published  in  the  annual  report  of  the  Commissioner  of  the  Land-Office 
for  that  year.  Some  four  years  after,  a  final  report,  in  octavo,  was  printed 
by  Congress. 

In  the  spring  of  1SC8,  85,000  more  was  appropriated,  and  the  survey 
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was  extended  into  the  Territory  of  Wyoming,  along  the  line  of  the 
Union  Pacific  Eailroad.  A  second  annual  report  was  made  as  the  re- 
sult of  this  brief  preliminary  examination.  Bat  it  was  not  until  the 
spnng  of  1869  that  the  survey  received  its  present  form.  At  the  close 
of  the  session  a  clause  was  added  to  the  sundry  civil  bill,  in  the  follow- 
ing words,  "  For  the  continuation  of  the  geological  survey  of  the  Terri- 
tories of  the  United  States,  by  Prof.  F.  V.  Hayden,  ten  thousand  dollars, 
to  be  expended  under  the  direction  of  the  Secretary  of  the  Interior.'' 
By  direction  of  the  Secretary  of  the  Interior  a  geological  reconnaissance 
was  extended  along  the  eastern  portion  of  the  Rocky  Mountain  range, 
from  Cheyenne  to  Santa  F6,  N.  Mex.,  and  in  the  winter  of  1869-'70  an 
annual  report  was  published  containing  the  preliminary  results.  In  1870 
the  appropriation  was  increased  to  $25,000,  and  the  season  was  occupied 
in  exploring  portions  of  Wyoming  Territory.  In  1871  $40,000  was  ap- 
propriated for  the  continuation  of  the  survey,  and  by  direction  of  the 
Secretary  of  the  Interior  the  work  transferred  to  the  interesting  region 
about  the  head-waters  of  the  Yellowstone  and  Missouri  Rivers.  To  this 
expedition  one  topographer  was  attached. 

In  1872  the  work  was  continued  in  that  region,  with  an  increased  ap- 
propriation of  $75,000,  with  two  large  parties  and  a  full  corps  of 
topographers  and  geologists.  The  result  was  a  still  more  detailed  ex- 
ploration of  previously  little-known  portions  of  Montana  and  Idaho, 
especially  about  the  sources  of  the  Yellowstone,  Missouri,  and  Snake 
Rivers.  A  preliminary  account  of  the  results  of  the  survey  was  given 
in  the  annual  report  for  1872. 

During  the  season  of  1873  the  geographical,  as  well  as  the  geological, 
corps  was  more  complete  and  better  prepared  for  its  duties  than  at  any 
previous  period.  The  Territory  of  Colorado  was  assigned  to  it  as  the 
field  of  its  labors ;  and  the  report  of  progress,  which  contains  many  of 
the  important  results,  is  now  ready  for  publication. 

THE  PUBLICATIONS  OF  THE  SURVEY. 

The  plan  of  publication  of  the  results  of  the  survey  has  been  matured 
gradually,  and  it  is  believed  that  it  meets  the  requirements  of  the  scien- 
tific men  of  the  country,  as  well  as  the  people  at  large.  The  publica- 
tions are  divided  into  three  principal  classes. 

The  first  class  consists  of  the  annnal  reports,  or  reports  of  progress. 
These  will  be  issued  every  year,  and  will  give  early  information  of  the 
progress  of  each  season's  labors.  They  will  contain  much  new  and  im- 
portant matter. 

The  second  class  comprises  a  series  of  "miscellaneous  publications" 
on  different  subjects  connected  with  the  West,  which  are  important  con tri- 
butions,but  are  to  some  extent  compilations,  and  usually  issued  in  smaller 
editions.  They  consist  of  elevations,  meteorological  observations,  ac- 
counts of  the  botany,  ornithology,  entomology,  catalogues,  &c. ;  all  based 
on  the  labors  of  the  survey. 
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The  third  class  will  embrace  the  more  technical  and  matared  results, 
and  will  be  issued  in  quarto  form,  and  are  designed  more  especially  for 
libraries  and  men  of  science.  These  volumes  will  be  elaboratelv  illus- 
trated. 

To  meet  the  wishes  of  some  of  the  collaborators  of  the  survey,  who 
desired  the  early  publication  of  important  results,  a  bulletin  was  pub- 
lished during  the  past  winter  and  two  numbers  issued.  This  will  be 
continued  from  time  to  time  as  circumstances  may  require. 

The  following  is  a  list  of  the  publications  of  the  survey  up  to  the 
present  time : 

1.  First,  Second,  and  Third  Annual  Keports  of  Progress  for 
1867-'68--69,  2G1  pages,  8vo. 

2.  Fourth  Annual  Eeport  of  Progress  for  1870,  (Wyoming,  &e.,) 
511  pages,  8vo.,  with  twenty-two  woodcut  illustrations. 

3.  Fifth  Annual  Report  of  Progress  for  1871,  (Montana,  <S:c.,)  538 
pages,  8vo.,  with  sixty -four  wood-cuts,  two  plates  aftd  five  maps. 

4.  Sixth  Annual  Eeport  of  Progress  for  1872,  (Idaho,  &c.,)  SU 
pages,  8vo.,  with  sixty-eight  wood-cuts,  twelve  plates  and  five  maps. 

5.  Seventh  Annual  lleport  of  Progress  for  1873,  in  process  of  publi- 
cation. 

6.  Final  Eeport  of  the  Geological  Survey  of  Nebraska  during  the 
year  1867,  204  pages,  8vo.,  with  a  colored  geological  map  and  eleven 
plates  of  Carboniferous  fossils. 

7.  Supplement  to  the  Fifth  Annual  Eeport  on  the  Fossil  Flora  of 
the  West,  by  Leo  Lesquereux,  22  pages,  8vo. 

8.  Synopsis  of  New  Vertebrata  from  the  Tertiary  of  Colorado,  obtained 
during  the  summer  of  1873,  by  Prof.  E.  D.  Cope,  10  pages,  8vo. 

Miscellaneom  publications. 

9.  No.  1. — Lists  of  elevations  in  that  portion  of  the  United  States 
west  of  the  Mississippi.  Collated  and  arranged  by  Henry  Gannett, 
assistant,  pp.  47, 8vo.  Second  edition.  A  third  edition  of  this  impor- 
tant paper  w  ill  be  issued  shortly,  very  much  enlarged  and  improved. 

10.  No.  2. — Meteorological  Observations  during  the  year  1872 ;  Utal^ 
Idaho,  and  Montana ;  prepared  for  publication  by  Henry  Gannett,  assist- 
ant, 120  pages,  8vo. 

11.  No.  3.— Hand-book  of  the  Ornithology  of  the  Territories  of  the 
Northwest,  by  Dr.  Elliott  Cones,  U.  S.  A.,  (in  press.) 

12.  No.  4. — Synopsis  of  the  Flora  of  Colorado,  by  Prof.  T.  C.  Porter 
and  John  M.  Coulter,  180  pages,  8vo. 

13.  No.  5. — Catalogue  of  Photographic  Negatives  belonging  to  the 
survey,  by  William  H.  Jackson,  83  pages,  8vo. 

14.  No.  6. — Meteorological  Observations,  taken  by  the  survey  during 
1873,  70  pages,  8\  o. 


LETTER.  11 

Bulletins. 

15.  Bulletin  No.  1. — Plioceue  Vertebrate  Paleontology  of  Northern 
Colorado,  Cope,  28  pages,  8vo. 

16.  Bulletin  No.  2. — Vertebrate  Paleontology,  Cope;  Cretaceous  Flora, 

Lesquereux,  Acridiclae,  Thomas ;  Geography,  Elevations,  &c.,  Gardner ; 

27  pages,  Svo. 

Quarto  publications. 

VI.  Vol.  I.  Contributions  to  the  Extinct  Vertebrata  of  the  Western 
Formations,  by  Prof.  Joseph  Leidy,  358  pages,  with  thirty-seven  plates. 

18.  Vol.11.  The  Vertebrata  of  the  Cretaceous  Formations  of  the 
West,  by  Prof.  E.  D.  Cope. 

19.  Vol.  III.  The  Vertebrata  of  the  Eocene  Formations  of  the  West, 
by  Prof.  E.  D.  Cope ;  40  plates. 

20.  Vol.  IV.  The  Vertebrata  of  the  ]\Iiocene  and  Pliocene  Forma- 
tions of  the  West,  by  Prof.  E.  D.  Cope ;  40  plates. 

21.  Vol.  V.  Synopsis  of  the  Acrididie  of  North  America,  by  Prof. 
Cyrus  Thomas ;  258  pages,  4to,  one  plate. 

22.  Vol.  VI.  Contributions  to  the  Fossil  Flora  of  the  Cretaceous  and 
Tertiary  Formations  of  the  West,  by  Prof.  J.  S.  Newberry ;  GO  plates. 

23.  Vol.  VII.  The  Fossil  Flora  of  the  Cretaceous  Formations  of  the 
Western  Territories,  by  Prof.  Leo  Lesquereux ;  30  plates. 

24.  Vol.  VIII.  The  Fossil  Flora  of  the  Tertiary  Formations  of  the 
Western  Territories,  by  Prof.  Leo  Lesquereux ;  GO  plates. 

25.  The  Fossil  In  vertebrata  of  the  Western  Territories,  by  F.  B. 
Meek;  45  plates. 

26.  Sections,  profiles,  and  other  illustrations  of  the  Geology  of  the 
Western  Territories  explored  by  the  survey,  with  descriptive  text  by 
F.  V.  Hayden,  in  three  parts.  Part  1  contains  about  75  plates  of  sec- 
tions, &c.  Part  2,  52  plates  of  scenery,  prepared  by  the  Albertype  pro- 
cess from  the  photographs  of  the  survey.  Part  3,  37  plates  of  the  Hot 
Springs,  Geysers,  &c.,  of  Montana.  A  small  edition  of  the  profiles,  sec- 
tions, &c.,  one  hundred  copies  have  been  issued  without  the  text. 

Maps. 

1871.  1.  Yellowstone  Lake. 

2.  Lower  Geyser  Basin  of  Firehole  River. 

3.  Upper  Geyser  Basin  of  Firehole  River. 

4.  Yellowstone  National  Park. 
Notes  by  A.  Schonborn. 

5.  Parts  of  Idaho,  Montana,  and  Wyoming  Territories.    (Prelim- 

inary map  for  field  use.) 

1872.  0.  Lower  Geyser  Basin  of  Firehole  River.     (Scale,  six  inches  to 

the  mile.) 

7.  Upper  Geyser  Basin  of  Firehole  River.    (Scale  as  above.) 

8.  Henry's  Lake,  Idaho. 
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9.  Shoshone  Geyser  Basiu,  and  Lake. 

10.  Parts  of  Idaho  and  Wyoming  about  the  heads  of  the  Snake 

River.    (Scale,  five  miles  to  one  inch.) 
(Prepared  by  G.  K.  Bechler.) 

11.  Parts  of  Montana  and  Wyoming  about  the  heads  of  the  Yel- 

lowstone, Gallatin,  and  Madison  Kivers.  (Senile,  four  miles 
to  one  inch.)  Drawn  by  Ilenry  Gannett  from  tield-notes  by 
A.  Burck. 

12.  Part  of  Colorado,  based  on  the  United  States  land-survey. 

1873.    Compiled  for  field  use. 
/  No.  11,  containing  the  complete  list  of  the  Ornithology  of  the  North- 
west, is  i)assiug  rapidly  through  the  press.    Nos.  14,  18, 19, 20,  22,  23, 
24,  25,  and  20  are  either  ready  for  the  press  or  in  an  advanced  state  of 
preparation,  and  will  be  issued  within  a  year. 

The  map  of  a  portion  of  Montana  and  Wyoming  Territories,  embrac- 
ing most  of  the  country  about  the  sources  of  the  Madison,  Gallatin,  and 
Yellowstone  Rivers,  in  contour  lines  of  100  feet,  and  on  a  scale  of  four 
miles  to  one  inch,  can  hardly  be  said  to  be  published  j'et,  only  a  few 
copies  having  been  issued.  The  data  for  this  map  were  collected  in  the 
field  by  Mr.  Adolph  Burck,  assisted  by  Mr.  Henry  Gannett.  In  the 
ofiice  it  was  completed  by  Mr.  Gannett.  The  following  explanation  in 
regard  to  the  method  and  purpose  of  the  maj)  will  certainly  he  suffi- 
cient for  all  fair-minded  men. 

The  topographical  work  was  carried  on  mainly  from  a  meandered 
line,  (meandered  with  compass  and  odometer.)  Points  along  the  line 
were  located  by  angles,  using  the  meandered  lino  as  a  base-line.  Much 
topography,  also,  was  done  from  mountain-peaks,  with  gradienter  and 
compass.  In  addition  to  this,  short  bases  were  measured  in  several 
localities  with  steel-tape,  and  connected  with  the  topographical  work, 
to  serve  as  checks,  and  the  whole  was  checked  at  the  camps  by  sextant 
observations  for  latitude  and  time,  the  longitude  being  determined  by 
chronometer,  the  rate  of  which  was  repeatedly  checked. 

The  location  of  the  contours  was  controlled  by  barometric  observa- 
tions, vertical  angles  with  the  gradienter,  and  slope  angles  with  the 
clinometer.  Vv'hile  not  pretending  to  be  an  accurate  contour  map, 
which  it  would  be  useless  to  attempt  to  make  in  a  hasty  reconnaissance, 
it  does  assume  to  express,  with  considerable  accuracy,  the  form  of  the 
country,  in  its  ^  ertical  as  well  as  in  its  horizontal  features. 

The  system  of  plotting  maps  with  elevation  curves  is  of  the  greatest 
importance  for  practical  geological  studies  of  any  locality  or  country 
that  has  been  surveyed  in  that  way.  It  is  evident  that  wherever  sedi- 
mentary formations  occur  the  curve  system  greatly  facilitates  the  work 
of  the  geologist.  Geological  maps,  if  carefully  made,  will  always  rep- 
resent more  or  less  scalloped  curved  lines,  denoting  the  boundaries  of 
the  different  geological  formations,  and  it  is  therefore  apparent  that 
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whenever  the  stratigraphical  conditions  have  been  observed,  and  are 
known,  a  map  showing  the  elevation  curves  will  enable  the  geologist  to 
recognize,  with  great  accuracy  and  certainty,  details  of  geological  distri- 
bution that  otherwise  would  require  considerable  time  and  labor  to 
work  out. 

In  working  out  sections  the  curves  are  of  importance,  giving  the 
geologist  a  means  by  which  to  give  a  correct  diagram  of  the  line  of 
country  through  which  he  has  made  his  section,  and  furthermore  fur- 
nishes him  valuable  data  facilitating  the  measurement  of  strata. 

The  map  of  the  sources  of  Snake  River  and  its  tributaries,  on  a  scale 
of  five  miles  to  one  inch,  is  a  most  valuable  contribution  to  the  geogra- 
phy of  a  portion  of  our  western  country,  previously  almost  entirely 
unknown.  The  great  amount  of  faithful,  conscientious  labor  bestowed 
upon  it  by  Mr.  Bechler,  both  in  the  field  and  in  the  office,  is  so  evi- 
dent that  I  need  not  speak  of  it  in  detail.  An  edition  of  the  drainage 
portion,  with  the  brush-work  omitted,  will  be  published  during  the  sum- 
mer, showing  the  geological  formations  with  colors,  by  Professor  Brad- 
ley. During  the  summer  of  1872  Mr.  Bechler  resurveyed  the  Upper 
and  Lower  Geyser  Basins  of  the  Firehole  River;  and  the  two  charts,  on 
a  scale  of  six  inches  to  one  mile,  have  just  been  very  beautifully  en- 
graved on  stone  by  Mr.  Bien. 

It  is  believed  that  all  unkind  criticisms  of  the  labors  of  other  scien- 
tific men  are  out  of  place  in  an  oflicial  report,  and  in  no  instance  will 
they  receive  the  sanction  of  the  geologist  in  charge.  Each  assistant  is 
held  responsible  for  the  correctness  of  his  statements  in  his  report,  and 
it  is  presumed  that  his  love  of  truth  is  superior  to  his  personal  feelings. 
Problems  are  arising  and  will  continue  to  arise  about  which  there  will 
be  difference  of  opinion  among  true  men  of  science.  We  shall  accept 
the  verdict  founded  on  the  evidence  as  soon  as  it  comes  fairly  before 
us,  regardless  of  our  pf'econceived  opinions. 

In  performing  so  great  an  amount  of  field-work,  and  in  publishing  so 
freely  and  rapidly  as  we  do,  an  unkind  critic  may  find  defects  in  our 
reports  which  might  not  have  existed  with  delay ;  but  it  seems  not  only 
necessary  f  ut  eminently  desirable  to  bring  our  results  before  the  i)ublic 
at  as  early  a  date  as  possible.  Should  mistakes  occur,  (and  they  cannot 
reasonably  be  avoided,)  we  hope  to  correct  them  in  future  publications. 

I  regret  that  my  own  report  has  not  been  more  carefully  prepared  this 
season,  and  that  I  have  been  obliged  to  omit  several  chapters  in  which 
I  had  intended  to  discuss  some  of  the  more  imi)ortant  problems  in  the 
geology  of  the  Rocky  INIountain  region. 

The  discussion  of  the  Lignitic  group  will  be  continued  by  Professor 
Lesquereux.  His  views  in  regard  to  the  age  of  this  group  are  well 
known,  and  it  seems  probable  that  they  will  be  sustained  by  future  evi- 
dence. The  stratigraphical  evidence  on  this  subject,  so  far  as  Colorado 
is  concerned,  will  be  subjected  to  the  closest  scrutiny  the  present  season. 

The  present  report  of  progress  is  submitted  with  the  belief  that  it  is 
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a  valuublo  contribution  to  onr  knowledge  of  the  geography,  geology, 
and  natural  hiHtory  of  a  very  interesting  portion  of  the  public  domain. 
I  would  again  extend  my  cordial  thanks  to  the  Swretarj-  of  the  Interior 
and  to  Hon.  B.  R.  Cowen,  Assistant  Secretary,  for  their  continued  aid 
and  encouragement  in  advancing  the  objects  of  the  survey. 
Very  resi>ectl'ully,  your  obedient  servant, 

F.  V.  HAYDEN, 

United  iStaten  Geologist 
lion.  C.  Delano, 

Secretary  of  the  Interior. 
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GEOLOGY,  MINERALOGY,  AND  MINING  INDUSTRY. 


REPORT  OF  F.  V.  HAYDEN,  U.  S.  GEOLOGIST. 


CUATTEK     1. 

REMAKKS  Oy  SURVEY — THE  GEOLOGICAL  FEATURES  OF  THE  EAST 
SLOPE  OF  TUE  COLORADO  RANGE  OF  TILE  ROCKY  MOUNTAINS,  FROM 
CACIIE  1  LA  POUDRE  RIVER  SOUTHWARD  TO  PIKE'S  PEAK. 

In  the  third  annual  report  of  the  survey  for  1869  I  described  with 
some  care  the  geological  features  of  the  east  slope  of  the  Eocky  Moun- 
tains, from  Cheyenne  to  Santa  F^.  My  investigations  were  more  par- 
ticnlairy  confined  to  the  sedimentary  formations  as  they  are  shown  by 
their  upturned  edges  along  the  immediate  eastern  base  of  the  range. 
In  this  chapter  I  can  do  but  little  more  than  confirm  the  accuracy  of 
the  statements  made  in  that  report,  and  add  a  few  new  facts,  referring 
the  reatler  to  the  more  detailed  reports  of  Mr.  Marvine  and  Dr.  Peale. 

Although  the  sedimentary  rocks  along  the  flanks  of  the  mountains 
are  of  great  interest,  yet  the  general  outline  of  their  geology  is  compar- 
atively simple.  The  vast  plains  to  the  west  of  Cheyenne  are  covered 
with  the  drab-yellow  and  light-gray  sands,  marls,  and  clays  of  the  great 
fresh- water  lake  deposit,  known  as  the  "bad  lands,"  (Mauvames  terres^) 
and  may  be  Miocene,  or  I?liocene,  or  both.  This  entire  group  of  depositij 
juts  up  against  the  foot  of  the  mountains,  not  conforming  to  the  older 
beds,  and  in  a  horizontal  i)Osition  or  inclining  not  over  5^.  The  Union 
Pacific  liaili-oad  passes  uninterruptedly  across  this  deposit  from  a  point 
east  of  Grand  Island,  on  the  Platte,  to  the  margin  of  the  first  range. 
As  wo  pass  southward  from  the  railroad  this  lake-deposit  soon  thins 
out  and  disappears,  and  the  full  series  of  the  older  sedimentary  rocks 
known  in  this  region  are  exposed  in  their  order  of  sequence.  The 
fresh-water  Tertiary  deposits  not  conforming  with  the  older  rocks  and 
jutting  up  against  the  sides  of  the  front  range  almost  to  the  summit, 
necessarily  conceal  the  latter  over  a  very  long  distance.  For  one  hun- 
dred miles  or  more  they  are  not  visible,  only  as  the  former  have  been 
washed  away,  and  for  a  considerable  distance  north  of  the  Laramie  River 
thefresh-w  ater  deposits  conceal  all  the  older  beds,  and  rest  upon  the  gran- 
ites direct.  About  four  miles  south  of  a  locality  known  on  the  maps  as 
Spottswood  Springs,  the  Lignitic  beds  begin  to  be  revealed  in  the  valleys 
of  the  little  streams,  and  very  soon  the  fresh-water  deposits  entirely  thin 
out.  So  far  as  I  have  been  able  to  ascertain,  the  older  sedimentary  strata 
perfectly  conform,  and  we  have  here  a  series  of  uplifted  ridges,  showing  all 
the  sedimentary  rocks  of  the  region  up  to  the  Lignitic  group  inclusive, 
with  remarkable  distinctness.  I  am  not  certain  that  we  have  well- 
defined  Carboniferous  beds  south  of  the  railroad.  Along  the  line  of  the 
railroad,  between  Hazard  Station  and  Granite,  the  limestones  of  Car- 
boniferous age  are  exposed  to  a  limited  extent.    So  far  as  I  have  ob- 
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served,  rocks  of  tliis  age  do  not  occur  again  until  we  reach  Colorado 
Springs,  south  of  the  railroad.  The  brick-red  group  rests  on  the  Meta- 
morphic  rocks,  and,  starting  from  the  granite  nucleus,  we  pass  across 
the  upturned  edges  of  the  sedimentary  beds,  as  they  incline  from  the 
east  slope  of  the  mountains  at  various  angles.  We  have  been  in  the 
habit  of  calling  the  brick-red  beds  .Triiissic ;  but  it  is  by  no  means 
proven,  and  as  there  are  red  beds  of  similar  mineral  character  in  the 
well-marked  Carboniferous  group  below,  and  the  Jurassic  above,  I  have 
sometimes  been  disposed  to  refer  them  to  one  or  the  other,  or  to  both, 
and  regarding  the  Triassic  as  wanting.  The  thickness  of  the  red  group 
as  exposed  at  difterent  localil  ies  varies  considerably,  and  it  is  oftentimes 
diflicultto  decide  whether  the  diti'erence  is  due  to  original  dei)osition,  or 
whether  the  beds  have  be^n  crushed  together,  or  concealcMl  by  newer  I'orm- 
ations.  If  the  Triassic  groui)  is  wanting  in  this  region  I  cannot  point  out 
any  locality  where  there  is  any  marked  unconformability  between  the 
Jurassic  and  the  Carboniferous,  and  this  fact  might  be  used  to  favor 
the  belief  that  the  red  group  is  Triassic.  Above  the  red  group  is  a 
series  of  variegated  beds,  which  seem  never  to  be  absent  ah)iig  the 
margins  or  flanks  of  the  eastern  ranges  of  mountains  from  the  north  line 
of  our  territory  to  Mexico.  North  of  the  railroad  the  Jurassic  marls  are 
often  filled  with  characteristic  fossils,  but  south  of  that  point  tliey  disap- 
l)ear,  and  they  have  not  yielded  any  positive  paleontological  proof  of  their 
age  to  the  numerous  exjdorations  as  far  south  as  Santa  Fe.  The  litho- 
logical  characters  of  the  group,  however,  are  well  preserved,  although 
from  the  line  of  the  railroad  far  south  to  New  Mexico  the  group  is  thinly 
represented.  Above  the  Jurassic  is  a  fair  i-epi'esentation  of  the  Creta- 
ceous series.  No.  1,  or  the  Dakota  group,  is  well  shown  and  is  always 
characteristic,  though  seldom  containing  any  organic  remains,  but  the 
other  divisions,  which  are  so  well  defined  farther  north,  are  here  very 
obscure.  The  geologist  studying  these  beds  in  their  southern  extension 
first,  would  hardly  think  of  separating  them  into  the  five  well  charac- 
terized divisions  of  the  Northwest.  To  one  who  ha^s  carefully  studied 
the  divisions  along  the  Misssouri  River  the  Cretiiceous  beds  in  Colorado 
and  New  Mexico  may  be  separated  into  the  five  groups  without  much 
difficulty.  No.  3  is  represented  by  a  thin  bed  of  impure  gray  limestone  and 
thin  civlcareous  shale,  with  Ostrea  congenia  and  a  si)ecies  of  InocvramHS. 
The  fossils  are  about  the  same  as  those  occuning  on  the  Missouri,  but 
the  rocks  have  littleof  the  chalky  texture,  as  observed  in  the  Northwest 
and  in  Kansas.  Nos.  2  and  4  are  black  shaly  clays,  and  do  not 
differ  materially  fix)m  the  same  groui)S  occurring  in  other  localities  to 
the  northward.  No.  5  contains  a  great  abundance  of  well-marked  Cre- 
taceous  fossils,  many  of  the  si>ecies  i<lentical  with  those  found  on  the 
Missouri  River.-  This  group  passes  up  into  the  Lignite  strata,  appar- 
ently without  any  marked  unconformability.  In  passing  upward  in 
number  5,  one  by  one  the  mollusca  of  purely  marine  character  disapi>ear 
until  only  some  varieties  of  oysters  remain  with  the  plants  i)eculiar  to 
the  Lignitic  group.  I  may  say  here  that  it  is  quite  possible  that  a 
more  thorough  examination  of  the  strata  intermediate  between  those 
with  well-defined  Cretaceous  fossils  and  the  Lignitic  beds  would  show 
at  least  an  uncomfornial)ility  of  sequc^nce.  In  the  Laramie  Plains  there 
is  a  group  holding  this  interme<liate  i)osition  of  several  hundred  feet  in 
thickness,  which  1  have  called  beds  of  passage. 

There  is  an  interesting  fact  which  may  be  stated  just  here,  that  there 
are  no  important  flexures  in  the  sedimentary  group,  whatever  there  may 
have  been  in  the  Metamori)hic  rocks,  but  the  diti'erence  in  the  inclina- 
tion of  the  former  is  very  great  at  difterent  localities.  Sometimes  the 
uplifted  zone  is  ten  to  fifteen  miles  in  width  and  composed  of  a  great 
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number  of  riilges,  which  are  called  in  the  country  "  Hogbacks.''  Some- 
times the  inclination  of  these  ridges  from  the  granite  nucleus  outward 
to  the  plains  is  not  more  than  from  10^  to  25^,  giadually  diminishing 
until  the  Lignitic  strata  assume  an  entirely  horizontal  position,  so  far  as 
can  be  detected  by  the  eye.  Again,  the  entire  group  of  strata  will  be 
crowded  into  a  space  of  a  mile  or  less,  and  stand  at  a  nearly  or  quite  a 
vertical  position,  but  in  suddenly  passing  from  a  very  highly  inclined 
position  to  an  apparently  horizontal  one  on  the. plains,  we  can  see  that 
however  much  the  Metamorphic  rocks  which  form  the  nucleus  or  body 
of  the  great  mountain-ranges  may  have  beeu  folded  by  the  shrinking  of 
the  crust,  the  sedimentary  beds  have  been  simply  lifted  up  in  a  nearly 
or  quite  vertical  inanner.  I  have  often  stated  in  previous  I'eports  the 
belief,  founded  on  most  satisfactory  evidence,  that  the  sedimentary 
strata  formerly  extended  uninterruptedly  across  the  area  now  occupied 
by  the  Metamorphic  mass  of  the  mountain-ranges ;  that  on  the  east  and 
west  slopes  can  be  found  the  broken  portions  inclining  in  opi)08ite  direc- 
tions, but  showing  most  clearly  that  the  intervening  portions  had  been 
worn  away  in  the  process  of  upheaval.  The  sections  across  the  range 
will  illustrate  this  statement  most  clearly.  So  far  as  can  be  seen  at  the 
present  time  the  process  of  upheaval  has  been  very  slow,  long  continued, 
and  uniform  in  its  action.  In  many  instances  the  sedimentary  group 
seems  to  have  resisted  the  central  force,  and  thus  the  strata  were  broken 
off,  and  the  edges  turned  up  very  abruptly  over  a  very  narrow  belt  or 
zone,  as  at  Golden  City,  and  many  other  localities  south  of  that  point. 
Again,  the  uplift  seems  to  have  influenced  the  strata  for  a  long  distance 
from  the  Metamorphic  nucleus  into  the  plains,  as  at  Cache  h  la  Poudre, 
where  the  inclination  of  the  beds  is  nowhere  very  great,  and  gradually 
diminishes  eastward  until  they  become  quite  horizontal  ten  to  twenty 
miles  from  the  axis  of  power.  In  many  instances  the  force  from  below 
seems  to  have  acted  so  nearly  vertically  that  only  the  Lignitic  and  per- 
haps a  portion  of  the  Cretaceous  strata  are  exposed  on  the  flanks  of  the 
nucleus,  and  thus  beds  are  broken  oft'  so  abruptly  that  the  detached  por- 
tions are  thrown  past  a  vertical  and  incline  away  from  the  mountain 
mass;  in  other  words,  the  gieat  Metamorphic  mass  that  forms  the  nucleus 
of  a  range  has  been  pushed  up  so  dii^ctly  vertical  that  the  operation 
did  not  materially  disturb  the  sedimentary  group  exce])t  immediately 
around  the  flanks.  This  phenomenon  is  not  uncommon  over  the  eastern 
l)ortion  of  the  Kocky  IMountain  district.  As  the  details  of  the  geology 
of  the  different  districts  are  more  fully  worked  out  these  points  will 
appear  more  clearly  to  the  mind  of  the  reader.  It  will  be  seen  that  the 
geological  structure  of  the  Kocky  Mountains  is  comj)aratively  simple  in 
its  general  outlines,  but  that  in  its  details  it  is  remarkably  complicated. 
In  the  third  annual  report  of  the  survey,  season  of  18G9, 1  noted  an 
interesting  feature  in  the  structure  of  the  mountain-ranges  along  the 
eastern  flanks,  from  Cheyenne  to  Santa  Fe.  I  directed  attention  to  the 
curious  anticlinal  ridges  that  seemed  to  extend  down  from  the  main 
range  and  die  out  in  the  plains.  Thus  the  great  range  or  mountain 
mass  that  fronts  the  plains  from  our  north  line  to  JNIexico  is  made  u^)  of 
a  vast  number  of  smaller  ranges  giouped  together ;  and  while  the  great 
mass,  as  shown  on  our  maps,  has  an  aggregate  trend  about  northwest 
and  southeast,  the  front  range  from  Laramie  Peak  to  Santa  Fe  seems  to 
strike  about  north  and  south.  If  we  examine  the  eastern  flanks  of  the 
range  we  shall  tin<l,  fromiioint  to  point,  smaller  ranges  or  spurs  extend- 
ing down  from  the  main  mass  toward  the  plains,  with  a  trend  about 
northwest  and  southeast,  and  soon  dying  out,  leaving  between  the  end 
of  the  spur  or  minor  range  and  the  main  mass  a  broad  open  valley,  which 
forms  the  sources  of  the  more  important  streams;    Most  excellent  illus- 
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tratious  of  this  structure  are  seen  where  the  Big  Thompson  and  Saint 
Vrain's  Creeks  emerge  into  the  i)hiiiks.  Great  notches  are  there  formed 
fronf  point  to  i)oint  along  the  east  front  of  the  mountains,  from  which 
some  of  the  most  imiiorfaut  streams,  or  their  branciies,  emerge  into 
the  plains.  Cache  i\  la  Poudre,  Big  Tliomi)son,  Saint  Vrain,  Fountaiu 
Creek  at  Colorado  Springs,  and  the  Arkansas  Kiver  near  Caiion  City, 
are  excellent  examples.  This  feature  in  mountain  structure  is  shown  iu 
a  still  more  emphatic  mc'vnner  farther  to  the  northward,  where  the  front 
group  flexes  to  the  northwest,  leaving,  however,  somewhat  st^parated 
the  Black  Hills  of  Dakota,  the  Big  Horn  range,  and  the  numerous 
smaller  ranges  on  the  Upper  Missouri.  These  ranges,  large  and  small, 
are  all  linked  together  at  some  point  more  or  less  appjirent  by  anticli- 
nals.  By  examining  a  general  mai)  of  the  Western  Territories  it  will  be 
seen  that  the  Black  Hills  of  Dakot-a  are  connected  with  the  fn)nt  range 
near  Fort  Laramie,  and  that  the  Big  Horn  Mountains  are  united  farther 
north  at  Bed  Buttes  by  a  low  anticlinal  that  crosses  the  interval,  re- 
vealing no  rocks  older  than  the  Cretaceous.  These  lines  of  connection 
are  best  shown  by  colors  on  a  geoiogiital  map. 

The  illustration  (section  1)  will  show  (juite  clearly  the  dying  out  in 
the  plains  of  one  of  these  spurs  or  ridges.  It  is  also  a  line  example 
of  an  anticlinal.  Big  Thompson  Creek  cuts  its  channel  through  the 
south  end.  The  portion  thus  separated  forms  a  conical  hill  about  1-0 
feet  high  above  the  south  base,  or  about  200  feet  above  the  valley  of 
the  Big  Thompson.  The  Upper  Cretaceous  beds  ])ass  ofl'  in  low  semicir- 
cular ridges  southeast.  The  main  mass  of  the  hill  is  triangular  in  shape, 
and  is  composed  of  the  rocks,  of  various  textures,  which  make  up  the 
Dakota  group.  The  character  of  the  group  is  well  shown  in  this  local- 
ity. The  i)udding-stones,  made  up  of  small  rounded  pebbles,  seldom 
more  than  one-fourth  of  an  inch  in  diameter,  smoothly  polished,  sand- 
stones and  quartzites  of  almost  every  texture,  with  slicken  on  a  marked 
scale,  and  with  the  surface  lined  with  white  amorphous  quartz. 

The  stream,  which  separates  the  triangular  end  of  the  anticlinal, cuts 
directly  through  the  ridge  at  right  angles,  and  exposes  in  the  st»ctiou 
the  red  beds  very  distinctly.  The  trend  of  the  ridges  is  about  20^  west 
of  north,  with  the  uplifted  ridges  on  either  side  inclining  10^  to  LHP 
east  and  northeast;  on  the  west  side  of  the  ridge.  No.  1  presents  au 
almost  vertical  wall  for  a  mile  or  more,  rising  from  a  few  feet  to  100 
or  150  feet  in  height,  resembling  the  broken  wall  surrounding  some 
old  city.  This  will  always  be  pointed  out  to  the  traveler  as  one  of  the 
curiosities  of  the  region,  aside  from  its  geological  interest.  Just  inside 
is  the  rather  thin  group  of  Jurassic  bods;  iu  the  aggregate  about  200 
feet  in  thickness,  made  up  of  irregular  thin  layei^s  of  indurated  arena- 
ceous clay  and  sandstone,  with  two  or  three  beds  of  limestone.  Kot  a 
trac^  of  a  fossil  could  bo  found,  although  a  hundred  and  fifty  miles 
north  well-marked  Jurassic  fossils  are  abundant;  and  twenty-live  miles 
north  they  occur  to  some  extent  The  thinning  out  of  the  Jurassic 
group  in  its  southward  extension  is  well  marked,  unless  we  include  the 
red  beds  among  ro(!ks  of  that  age.  Below  the  well-marked  Junissic 
group  the  red  sandstone  appears,  forming  several  small,  rather  low, 
ridges,  with  thin  beds  of  bluish-gray  limestone,  quite  impure,  but  used 
for  burning  into  lime.  Here  and  there,  in  close  proximity  to  these  lime- 
stone layers,  we  have  iiiegular  deposits  of  gypsum.  It  is  only  in  the 
red  group  that  these  gypsum-deixosits  are  suflicientl}'  developed  for 
economical  use.  Gypsum  in  some  form  occurs  in  all  the  formations 
above  the  Carboniferous;  but  iu  the  Cretaceous  and  Tertiary  forma- 
tions it  is  found  mostly  in  the  form  of  selenite.  The  origin  of  the  gyp- 
sum is  80  well  known  that  I  will  not  refer  to  it  in  this  place.    It  uiay  be 
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stated,  bowever,  that  the  absence  or  presence  of  large  deposits  of  gyp- 
sum  seems  in  no  way  to  affect  the  beds  of  limestone,  although  the  gyp- 
sum occurs  in  greater  or  less  quantities  all  along  the  eastern  sides  of 
the  mountains  wherever  the  group  of  red  beds  is  exposed.  There  is  a 
very  plain  thinning  out  of  the  calcareous  rocks  as  we  proceed  south- 
ward. North  of  the  railroad  the  Carboniferous  limestones  are  quite 
thick  in  some  places;  near  Fort  Fetterman  they  reach  a  thickness  of 
1,000  to  1,500  feet,  while  south  of  the  railroad  the  aggregate  of  the 
limestone  layers  would  not  amount  to  more  than  25  to  50  feet.  The 
beds  or  deposits  of  gypsum  are  much  more  extensive  to  the  northward, 
around  the  Black  Hills,  reaching  a  thickness  of  40  to  00  feet,  amor- 
phous, and  of  a  snowy  wliiteness. 

The  central  portion  of  this  anticlinal  is  a  rather  low  grassy  valley, 
with  one  or  two  low  ridges  rising  2  to  4  feet  aberve  the  surface,  the 
brick-red  edges  of  the  softer  intervening  strata  outcropping  here  and 
there  where  the  rock  is  rounded.  The  intervening  valleys  between  the 
ridges  are  of  various  widths,  depending  upon  the  thickness  of  the  indu- 
rated calcareous  sandstones.  From  their  irregularity  in  weathering 
there  must  be  a  very  great  variability  in  the  texture  of  these  brick -red 
sandstones  from  point  to  point  at  not  very  great  intervals.  This  differ- 
ence is  shown  all  along  the  base  of  the  mountains.  Sometimes  the 
ridges  are  very  high  and  the  upturned  portions  form  a  belt  of  consider- 
able width,  composed  of  quite  compact  sandstones  and  quartzites ;  then, 
within  the  space  of  a  few  miles,  the  greater  portion  of  the  group  will 
appear  to  be  made  up  of  indurated  sands,  which  yield  readily  to  atmos- 
pheric agents.  The  irregularity  in  the  wearing  down  of  these  ridges  is 
undoubtedly  due  in  part  to  other  causes,  which  will  be  discussed  in  an- 
other portion  of  this  report.  In  the  valley  between  the  two  sides  of  the 
anticlinal  are  several  lime-kilns,  and  the  limestone  is  taken  from  a  bed 
2  feet  in  thickness,  rising  above  the  surface  a  few  feet  and  standing 
nearly  vertical.  On  either  side  of  the  limestone  the  arenaceous  lime- 
stone and  sandstone  are  very  cellular,  looking  much  like  a  spring  de- 
posit of  tufa.  It  is  certainly  very  gypsiferous  all  the  way  through. 
There  are  two  or  three  of  these  thin  becls  of  limestone  about  the  middle 
of  the  red  group,  but  no  fossils  have  ever  been  detected  in  them.  This 
anticlinal  valley,  although  so  short,  is  very  beautiful.  At  its  upper  end 
it  is  about  half  a  mile  wide,  tapering  to  a  point  on  the  southside  of  the 
Big  Thompson,  so  that  it  is  about  three  miles  in  length.  The  west  por- 
tion of  this  anticlinal  forms  also  the  east  side  of  the  beautiful  synclinal 
valley,  through  a  portion  of  which  the  stream  flows.  The  eroding 
agents  have  smoothed  out  this  concave  synclinal  valley,  which  is 
almost  entirely  grassed  over,  so  that  no  formations  can  be  eeen  newer 
than  No.  1.  The  quartzite  wall  on  the  east  side,  which  stands 
80^  at  least,  must  have  been  broken  oti,  so  that  the  under- 
ground portions  cannot  be  very  deep,  but  pass  beneath  the  valley  and 
rise  up  on  the  opposite  side,  inclining  at  a  very  moderate  angle.  This 
peculiar  arrangement  of  the  ridges  produces  a  very  curious  drainage 
for  the  Big  Thompson  and  its  branches.  On  the  south  side  of  the  val- 
ley of  the  Big  Thompson  the  long,  low.  Cretaceous  ridges  can  be  seen 
from  a  high  point  extending  across  the  surface  to  the  north,  but  stop- 
ping abruptly  at  the  creek,  while  the  synclinal  interval  gradually  closes 
up  to  the  northwest,  in  the  valley  of  the  East  Fork.  South  of  the 
main  stream,  and  on  the  west  side  of  the  synclinal  valley,  the  Xo.  1 
ridge  is  very  prominent,  and  runs  up  to  Big  Thompson  close  above 
the  Red  Stone  Creek,  as  seeai  on  the  maps.  Between  the  end  of  the 
anticlinal  south  of  Bi^  Thompson,  and  the  same  ridge  as  it  rises  ou 
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the  south  side  of  the  same  stream,  the  distance  across  the  syiichnal 
valley  is  about  throe  miles.  As  we  pass  up  the  axis  of  this  triangular 
anticlinal  we  tind  within  it  an  open  triangle:  or,  in  other  words,  high 
ridges  of  sandstone  incline  east,  west,  and  s^mth  from  the  nucleus  of 
mica  schists.  The  sandstones  forming  the  ridges  of  this  inner  tiianglo 
are  much  more  compact  in  texture,  varying  from  a  sandstone  to  tiuartz- 
ite  and  pudding-stone.  The  pebbly  portitms  are  scattered  irregularly 
through  the  mass,  showing  everywhere  that  the  sediments  were  depos- 
ited in  shallow  and  disturbed  waters.  Indetnl,  it  is  seldom  that  the 
red  groups  give  any  evitlence  of  long  periods  of  quiet  <leiK)sition. 

Passing  over  the  ridges  of  sandstone,  which  rist*  above  the  anticlinal 
valley  about  -00  feet,  we  ascend  a  ridge  of  black  mica-schist,  which,  on 
account  of  its  peculiar  texture,  I  have  called  "bird's-eye  schist.''  tiie 
surface  of  these  slate-like  shales  is  covered  with  circular  pits,  while  the 
mass  of  the  rock  has  a  wavy  texture,  the  whole  reminding  one  at  on<!e 
of  a  kind  of  timber  common  in  our  Northern  States,  known  as  "bird's- 
eye  maple."  The  south  end  of  the  schist-ndge  rises  1,100  feet  almve 
the  valley  of  the  Big  Thompson,  at  the  old  stage-road.  The  second  ridge, 
still  farther  north,  is  1,450  feet,  while  the  highest  ])art  of  the  spur  is 
over  2,000  feet.  The  highest  point  is  not  over  8,000  feet  above  R*a- 
level.  It  will  be  seen  at  a  glance  that  this  ridg<»  or  tangential  spur,  as 
it  might  be  called,  is  a  remarkable  feature  in  Rocky  Mountain  struc- 
ture; that  the  internal  forces  should  stnke  oft' at  a  tangent,  as  it  were, 
elevate  a  branch  ridge  from  the  main  chain,  and  so  suddenly,  and 
in  many  cases  abruptly,  die  out  in  the  plain,  is  diflicult  to  compre- 
hend. We  shall  endeavor  to  present  the  facts  from  time  to  time  with 
as  much  detail  as  possible,  leaving  the  primary  causes  to  become  moi-e 
clearlv  known  as  we  can  accumulate  illustrations.  The  svnclinal  on 
the  southwest  side  of  the  spur  continues  up  until  the  spur  joins  on  to  the 
main  nucleus  of  granite.  The  ridges  forming  the  east  side  of  the  anti- 
clinal extend  continuously  along  the  east  base  of  the  mountains  to  Cache 
a  la  Poudre,  while  the  west  side  is  cut  oft'  by  the  schist-ridge.  The 
synclinal  is  closed  up  in  a  sort  of  pocket  orvul  de  mc^  forming  the  drainage 
of  the  North  Fork  or  lied  Stone  Creek.  The  red  beds  lie  close  up  against 
the  granites,  while  the  branches  of  the  Little  Fork  have  cut  their  way 
through  the  ridges,  as  shown  in  the  small  chart.  The  schists  in  the 
spur  extend  down  as  a  sort  of  tongue  between  the  uplifted  ridges  of 
sedimentary  rocks  on  either  side.  The  schists  all  incline  west  or  south 
of  west  00^  to  80^.  The  strike  of  the  schist  ridge  or  spur  is  about 
northwest  antl  southeast.  The  "hogback'-  ridges  on  the  east  side,  ex- 
tending along  the  base  of  the  mountains  to  Cache  a  la  Poudre,  are  quite 
regular,  and  incline  20^  to  25^.  There  is  usually  an  interval  or  valley 
between  the  schists  and  the  first  ridge,  as  shown  on  the  surface,  thtmgli 
beneath  the  valley  the  red  sands  and  sandstones  jut  up  against  the  up- 
turned edges  of  the  schists.  About  five  miles  to  the  northward,  on  the  east 
flank  of  the  mountains,  a  group  of  massive  red  feldspathic  granites  rise  up 
beneath  the  schists,  and  the  surface  has  the  appearance  of  a  great  morai- 
nal  deposit,  so  rounded  are  the  detached  masses  of  granite.  These  worn 
blocks  were  scattered  over  the  sedimentary  as  well  as  the  Metamorphic 
rocks  and  show  marked  signs  of  former  glacial  action.  Such  exami)les 
may  be  found  everywhere  along  the  mountain  sides.  The  subject,  how- 
ever, may  be  more  fully  discussed  in  another  place.  At  this  point  rem- 
nants of  the  lower  sandstones  lie  high  up  on  the  gnuiites,  inclining  0(P 
to  80^  southwest,  while  the  upper  sandstones  dip  nearly  20^  east.  The 
sandstones,  as  they  lie  in  contact  with  the  granites,  filling  up  the  irreg- 
ularities of  the  surtace,  are  coni[)osed  of  a  loose  aggregate  of  ({uartz, 
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I>ebbles,  and  other  Metamorpbic  rocks,  with  a  coarse  quartzitic  sand 
as  a  cement.  There  were  many  deep  depressions,  which  are  filled  up 
in  a  remarkable  manner.  These  tongues  or  ridges  of  granite  extend 
down  from  the  main  range  in  many  places,  but  seldom  so  far  as  to 
break  the  regularity  of  the  upheaved  sedimentary  ridges.  Between  Big 
Thompson  and  Cache  jY  la  Poudre  thei'e  are  quite  wide  grassy  intervals 
between  the  ridges,  which  produce  excellent  grazing  for  cattle.  These 
ridges  are  well  defined ;  there  are  usually  about  two  principal  ones  of 
the  red  group,  and  one  very  high  and  prominent  ridge,  composed  of  No. 
1,  underlaid  probably  with  the  Jurassic  group.  The  Dakota  group 
ridge  is  immensely  develoi>ed  all  the  way  to  Cache  {\  la  Poudre.  On 
the  inside  of  the  ridge  vast  blocks  of  quartzite  and  pudding-stone,  20 
feet  cube,  have  fallen  down  into  the  valley  or  lie  thickly  scattered  on 
the  sides  of  the  ridge.  At  Spring  Canon,  nine  miles  north  of  Big 
Thompson  Station,  there  is  a  splendid  section  of  the  entire  sedimentary 
group.  The  little  streams  seem  to  have  cut  their  channels  direct  from 
the  mountain-sides  through  the  series  of  ridges  at  right  angles.  The 
Dakota  group  is  at  least  250  feet  thick,  and  is  composed  of  beds  of  fine- 
grained sandstone  or  quartzites,  which  are  much  used  for  building  pur- 
poses. So  much  has  already  been  written  in  regard  to  the  Cretaceous 
group,  as  shown  south  of  the  railroad,  that  I  do  not  know  that  I  can 
add  anything  new  in  this  chapter.  The  very  minute  and  accurate  sec- 
tions of  Mr.  Mar  vine  will  make  the  succession  of  the  beds,  as  well  as 
the  relative  thickness  from  point  to  point,  perfectly  clear.  Between 
Cache  k  la  Poudre  and  Big  Thompson,  the  ridge  composed  of  No.  1, 
or  the  Dakota  group,  is  most  conspicuous,  forming  a  peculiarly  sym- 
metrical roof.  This  ridge  is  higher  and  more  uniform  than  any  of  the 
others  on  either  side  of  it,  due  probably  to  the  fact  that  the  texture 
of  the  rocks  of  the  Dakota  group  is  so  much  more  compact  and  resists 
the  wear  of  the  atmosphere  more  effectually.  The  slope  of  the  roof  is 
about  20°,  and  although  much  of  the  surface  is  bare,  the  upper  portion  is 
covered  with  scattering  cedars  of  a  stunted  growth.  At  irregular  but 
short  intervals  inverted  conical  notches  occur,  produced  by  the  little 
streams,  which  have  worn  their  way,  to  a  greater  or  less  depth,  directly 
through  the  ridge.  The  more  important  streams  have  cut  deep  channels 
from  the  mountains  through  into  the  open  plains,  but  in  the  intervals  are 
numerous  depressions,  like  those  shown  in  the  illustrations,  that  indicate 
the  erosion  of  temporary  streams,  thus  giving  a  wavy  outline  to  the 
outcropping  edge  of  the  ridge.  We  may  say  here  in  this  connection 
that  the  Dakota  group  is  one  of  the  most  widely-distributed  forma- 
tions in  the  West.  To  attempt  to  describe  the  variations  instructure 
from  point  to  point  would  be  an  almost  endless  task,  and  yet,  when  care- 
fully studied  in  one  locality  by  the  geologist  he  never  fails  to  detect  its 
presence  at  other  points  where  it  exists,  if  exposed.  All  over  the  great 
middle  belt  of  the  West,  so  far  as  I  have  observed,  it,  between  the  paral- 
els  47*^  and  34^  and  the  meridians  97^  and  ll-P,  it  maintains  enough 
.  of  its  peculiar  Itthological  character  to  be  readily  detected,  and  thus, 
although  in  most  instances  destitute  of,  or  containing  very  imperfect 
organic  remains,  it  forms  a  permanent  basement-floor  for  the  great  Cre- 
taceous formation  of  the  West,  as  well  as  a  most  important  datum  line 
for  determining  the  age  of  the  rocks  above  and  below.  The  numerous 
species  of  plants,  with  a  few  invertebrate  fossils,  which  have  been  found 
on  the  Missouri  River  and  in  Nebraska  and  Kansas,  have  fixed  the  age 
of  the  group,  so  that  we  believe  it  passes  beneath  all  the  more  modern 
beds  from  their  points  of  appearance  at  the  East  to  their  exposure  along 
the  flanks  of  the  mountains.    The  eastern  portions  of  this  group  are 
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composed  of  a  coiisideral)le  tbi(*kness  of  dark  iron-rust  sandstone,  in 
wbich  the  plants  are  found  for  the  most  i)art.  In  the  West  this  sand- 
stone is  not  found  in  so  marked  a  degree.  Volume  7  of  the  quarto 
series,  by  Professor  Lesquereux,  contains  30  plates  entirely  devoted  to 
the  plantsof  this  group.  The  physical  history  of  this  group  would  l^e  one  of 
great  interest  if  we  bad  all  the  details,  forming,  as  it  does,  the  line  of 
separation  between  two  of  the  most  important  of  the  Mesozoic  ages. 
Indeed  I  have  sometimes  regarded  it  as  a  sort  of  tr.insition  group  be- 
tween the  true  Jurassic  and  Cretaceous  series.  The  exact  line  of  separa- 
tion between  the  Cretaceous  and  Jurassic  I  have  never  seen,  unless  it  be 
the  lowest  layer  of  sandstone.  The  beds  of  sandstones,  quartzite.s, 
&c.,  form  the  characteristic  feature  of  the  group,  but  tlie  beds  are 
usually  separated  by  perhaps  layers  of  in<lurated  clay  or  shale,  which 
are  of  variable  thickness.  It  is  also  probable  that  the  Dakota  group 
passes  gradually  into  the  Jurassic  through  softer  strata,  for  the  Siuid- 
stones  are  indurated  with  lower  arenaceous  clays.  I  hold  the  position 
that  the  sequence  of  all  formations  is  to  be  sought  for  in  all  places; 
that  while  breaks  not  unfrequently  occur,  the  normal  condition  is  the 
entire  absence  of  any  line  of  demarkation,  so  that  with  the  closest 
scrutiny  the  geologist  cannot  tell  where  one  formation  ends  and  another 
begins.  Variability  in  texture  and  composition  is  regarded  as  indicative 
of  transition  from  one  age  to  another,  and  this  peculiarity  is  so  persistent 
in  the  Dakota  group  wherever  it  is  known  that  I  have  been  disposed 
to  regard  it  as  a  transition  series,  although  theorgauic  remainstlo  not  fix  it 
positively  at  the  base  of  the  Cretaceous.  It  is  even  possible  that  anuncon- 
formability  of  sequence  will  yet  bo  found.  AM  through  the  group  the 
layers  give  unmistakable  evidence  of  the  shallowness  of  the  waters  of  the 
ocean  during  the  deposition  of  the  sediments.  It  seems  somewhat  sin- 
gular that  so  widely-distributed  sea-deposited  rocks  should  exhibit  such 
uniform  proof  of  shallow-water  deposition.  The  rocks  are  usually  in 
rather  thin  layers,  with  very  irregular  laminic  of  deposition  ;  the  sedi- 
ments vary  from  a  fine  to  a  coarse  sand  or  gravel,  also  from  a  fine 
pudding-stoue,  made  up  of  an  aggregate  of  smoothly-worn  pebbles  from 
the  size  of  a  pea  to  an  inch  or  more  in  diameter,  s<Mnetimes  so  closely 
cemented  together  that  the  fracture  of  the  mass  is  liable  to  pass 
through  the  pebble.  In  somewhat  rare  instances  this  pudding-stone 
becomes  a  coarse  conglomerate.  The  average  thickness  may  be  stated 
at  200  feet,  but  vibrates  between  100  and  250  feet.  Between  the  sand- 
stones are  perhaps  partings  of  indurated  arenaceous  clay,  and  about 
the  middle  of  the  group  is  a  seam  of  impure  Lignitic  clay,  which  has 
often  been  prospected  for  coal.  Along  the  Missouri  Iliver,  in  the  vicin- 
ity of  Sioux  City,  Iowa,  and  in  Southern  [Nebraska  and  Kansas,  this 
last  is  2  to  4  feet  in  thickness,  and  has  been  wrought  to  some  extent 
for  fuel,  but  with  poor  success.  Along  the  margins  of  the  mountain- 
ranges  there  is  no  certainty  of  its  appearance  at  all ;  still  it  crops 
out  from  point  to  point  from  the  north  line  to  Mexico.  The  entire 
group  of  sandstones  show  that  shallow  water  and  land  were  near, 
or  at  least  areas  where  vegetation  could  grow,  for  all  through  the  rock 
are  fragments  of  leaves,  stems  or  sticks,  and  sometimes  coal.  3Iany  ot 
the  beds  are  sort  of  mud-sandstones,  of  a  drab-brown,  from  the  abun- 
dance of  indistinct  fragments  of  vegetable  matter.  Sometimes,  in  the 
more  compact  homogeneous  layers,  well-deliued  leaves  are  found,  usually 
of  a  deciduous  type.  Leaves  were  found  in  these  rocks,  near  Denver, 
along  the  line  of  the  Union  Pacific  Ilailroad  to  Ogden,  and  in  the  Elk 
Mountains.  The  sandstones  pass  up  into  brown  arenaceous  clays,  with 
rather  thin  layers  of  mud-sandstones,  fall  of  mud-markings,  which  re- 
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semble  casts  of  sea-weeds  with  fragments  of  vegetable  matter.  Then 
comes  black  shaly  indurated  clay,  which  indicates  qniet  deposition  in 
moderately  deep  waters,  at  least.  This  is  what  we  have  usually  denom- 
inated No.  2,  or  the  Fort  Benton  group,  and  sometimes  attains  a  thick- 
ness of  200  to  COO  feet,  quite  homogeneous  in  character.  There  is  now 
and  then  a  calcareous  layer  which  is  charged  with  fossils,  as  Inocera- 
muHj  Ofttrea  congesta.,  and  other  well-marked  Creta<3eoas  forms.  Above 
the  Dakota  group  the  Cretaceous  rocks  have  very  little  influence  on  the 
scenery  further  than  that  the  dark  saline  clays  of  Xo.  2  and  Ko.  4  give 
the  appearance  of  an  arid  sterility  to  the  surface.  Nos.  2,  3,  4,  and  5 
are  usually  so  soft  and  yield  so  readily  to  the  atmospheric  agents  that, 
where  the  mountain-streams  emerge  from  the  Dakota  group,  they  flow 
out  into  the  plains.  In  some  instances  they  have  escaped  erosion  and 
occur  in  a  series  of  low  ridges  which  pass  off  eastward  into  the  plains 
like  the  waves  of  the  sea.  This  is  well  shown  north  of  Cache  ii,  la 
Poudre,  where  the  Lignitic  group  is  involved  in  the  uplift  and  the  belt 
of  uplifted  ridges  is  several  miles  in  width,  but  inclining  at  very  small 
angles.  No.  3  Cretaceous  is  not  well  defined,  yet  it  has  a  representation 
in  the  yellow  and  gray  limestones  and  shales  or  slates.  The  chalky 
limestones  are  often  full  of  the  characteristic  fossils  of  No.  3.  Along 
the  base  of  the  mountains  in  Colorado,  No.  3  forms  rather  low,  rounded 
ridges,  grass-covered,  and  not  easily  studied  except  where  the  mountain* 
streams  h^ave  cut  deep  channels  directly  through  them.  We  can  thus 
trace  the  continuity  complete,  so  that  we  find  the  passage  from  No.  2  to 
No.  3,  and  from  No.  3  to  No.  4,  then  to  No.  5,  as  gradual  as  if  they 
were  all  united  in  one  group  without  any  i)ossible  line  of  separation. 
No.  3  varies  from  50  to  100  feet  in  thickness,  so  far  as  can  be  seen, 
yet  the  difterence  in  thickness  at  different  points  may  depend  somewhat 
on  the  clearness  or  obscurity  of  the  exposure. 

That  all  these  groups  vary  in  thickness  at  different  localities  would 
be  expected,  but  1  doubt  very  much  whether  from  any  exposures  along 
the  flanks  of  the  mountains  these  variations  can  be  determined  with  any 
degree  of  certainty.  Nos.  2  and  4,  made  up  as  they  are  of  indurated 
shaly  clays,  yield  more  readily  to  the  eroding  agents,  and  No.  3  rises 
up  between  them  in  a  low  rounded  ridge  from  a  few  feet  to  50  or  100 
feet  in  height.  No.  2  usually  underlies  the  concave  parallel  valley 
or  interval  between  the  high  sharp  ridge  composed  of  No.  1  and  the  low 
eroded  ridge  of  No.  3.  No.  4  forms  the  more  slightly  concave  de- 
pression between  Nos.  3  and  5.  This  series  of  parallel  valleys  between 
the  ridges,  with  a  general  trend  north  and  south,  is  a  feature  peculiar 
to  the  flanks  of  the  mountain-ranges,  and  is  best  shown,  on  account  of 
the  vast  continuous  extent,  on  the  eastern  side.  The  intervals  are 
usually  softer  materials,  and  have  been  worn  out  more  or  less  smoothly 
by  the  elements  and  then  grassed  over,  so  that  some  of  the  finest  farming 
and  grazing  lands  in  the  Rocky  ^Mountain  districts  are  found  here. 
These  valleys  are  so  inclosed  that  they  are  protected  from  the  winds 
and  storms,  and  in  consequence  old  settlers  are  working  their  way 
up  from  the  plains  to  the  immediate  base  of  the  mountains  in  consider- 
able numbers.  As  a  range  for  stock  these  valleys  are  admirable.  The 
]>ictorial  sections  will  illustrate  what  I  mean  by  these  parallel  valleys. 
The  mountain-streams  cut  through  them  at  right  angles.  I  have  already, 
in  the  annual  report  for  1870,  called  attention  to  the  wide  parallel  val- 
leys north  of  the  railroad  between  the  older  rocks  and  the  modern 
Tertiary  or  lake-be^s. 

In  general  appearance  No.4  resemblesNo.2,yetthe latter  is  more  i)lastic 
and  of  a  darker  color  than  the  former.    No.  4  is  an  indurated  clay,  some- 
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times  becoming  a  sort  of  slaty  sliale.  South  of  the  railroad  it  contains 
very  few  fossils.  It  is  uot  a  thick  bed,  rarely  exceeding  100  feet,  and 
gradually  passes  up  into  the  yellow  arenaceous  clays  of  No.  5.  No.  4 
usually  underlies  one  of  the  parallel  valleys,  and  can  only  be  studied  to 
advantage  when  a  stream  flowing  down  from  the  mountains  into  the 
plains  cuts  a  channel  through  it.  In  these  lociUities  the  gradual  litho- 
logical  changes  may  be  observed.  A  low  lidge  is  formed  by  the  beds  of 
transition  between  Nos.  4  and  o,  which  is  sometimes  so  regular  and  con- 
tinuous that  it  looks  like  the  ruins  of  an  oM  wall.  The  shale  gradually 
becomes  dull  brown,  indurated  clays  alteniating  with  thin  layers  of  mud- 
sandstone,  and  Anally  rising  ui)  to  rather  thick  sandstones  of  various 
degrees  of  brown  and  rusty-yellow  color.  In  some  localities  the  fossils 
are  quite  abundant,  as  in  the  valley  of  Cache  a  la  Poudre,  near  Greeley^ 
and  in  the  valley  of  Big  Thompson,  west  of  the  Denver  Psicific  Railroad. 
Here  are  found  roundeil  concretionary  masses,  like  huge  cannon-balls^ 
resembling  those  of  the  same  formation  on  the  Cannon-ball  River, 
which  empties  into  the  Missouri  River  fi-om  the  East,  far  u\>  in  DakotA 
Territory.  These  singular  concretions  contain  (piantities  of  well-marked 
Cretaceous  fossils,  AmmoniU'tt,  BacuUtatj  Inoceramiatj  &c.,  &c.  This 
group  of  calcareous  sandstones,  which  reaches  a  thickness  of  100  to  200 
feet  in  this  region,  I  have  regarded  as  the  ui>per  portion  of  the  true 
Cretaceous  groups.  These  pass  gradually  up  into  the  Lignitic  formation, 
about  the  age  of  which  there  is  some  discussion  among  paleontologists. 
North  of  Saint  Train's  Fork,  the  Lignitic  group,  as  well  as  the  upper  por- 
tion of  the  Cretaceous,  is  seldom  lifted  up  at  a  high  angle,  usually  .*P  to 
15^,  the  {ingle  of  inclination  becoming  less  and  less  as  the  ridges  die  out 
eastward  in  the  plains.  The  lower  portion  of  the  Lignitic  group  show^ 
the  influence  of  the  forces  that  elevated  the  mountains,  but  soon  they 
become  nearly  or  quite  horizontal,  and  far  east  of  the  Cache  A  la  Poudre 
pass  under  the  White  River  deposits.  The  latter  thin  out  in  their  south- 
ern extension,  so  that  they  are  not  unfre<iuently  worn  down  to  the  un- 
derlying Lignitic  beds.  About  twenty  miles  south  of  Cheyenne  there  is 
a  bed  of  coal  5  to  C  feet  in  thickness,  and  above  it  is  a  bed  of  oyster- 
shells  4  feet  in  thickness.  Many  of  them  an*  quite  perfect,  but  they  are 
mostly  fragmentary  and  worn,  as  if  they  had  drifted  into  this  locality. 
In  the  lower  portion  of  the  Lignitic  group  it  is  very  common  to  meet  with 
seams  or  beds  of  Ostreaj  of  various  species.  This  species  resembles 
very  closely  a  form  holding  al>out  the  same  position  on  the  Upper  Mis- 
souri, in  the  valley  of  Grand  River,  known  as  Ostrea  Huhirigonali^.  In 
both  localities  it  occurs  in  the  lower  portion  of  the  Lignitic  group,  and 
in  the  ascent  gives  place  to  purely  fresh-water  types.  At  the  Mar- 
shall coal-mines,  south  of  Boulder  City,  I  have  collected  small  forms  of 
Ontreaj  in  strata  above  the  most  important  beds  of  coal,  and  also  along  the 
Un  on  Pacific  Railroad,  at  Point  of  Rocks,  Black  Buttes,  and  other  sta- 
tions, where  the  coal-beds  are  very  numerous  and  their  order  of  succes- 
sion well  shown.  The  various  forms  of  the  genus  Ostrea  are  abundant, 
passing  up  through  several  hundred  feet  of  tlie  coal  group. 

It  is  not  my  purpose  to  enter  into  a  discussion  of  the  age  of  these  beds 
in  this  connection.  In  a  previous  report  I  stated  that  the  relations  of 
the  well-defined  Cretaceous  group  with  the  Lignitic  forms  one  of  the 
most  important  problems  in  Western  geology,  and  that  no  effort  would 
be  spared  to  accumulate  all  the  evidence  bearing  on  the  question  possi- 
ble. I  believe  that  the  area  for  the  solution  of  the  question  lies  in  the 
Laramie  plains,  and  westward  toward  Salt  Lake.  There  in  the  aggre- 
gate are  10,000  to  12,000  feet  of  Cretaceous  and  Lignitic  strata.  Contigu- 
ous districts  may  aid  in  throwing  light  on  the  subject,  but  with  all  that 
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has  already  been  done  tbis  refl:ion  presents  one  of  tbe  most  attractive 
fields  of  geological  research  on  tbis  continent.  Tbe  relations  of  tbe 
freshwater  lake-deposits  with  tbe  Lignitic  is  another  inteiesting  sub- 
ject for  investigation,  and  will  probably  be  settled  in  connection  with 
the  former.  So  far  as  we  have  tbe  more  important  problem  considered 
we  find  tbe  evidence  from  tbe  vegetable  remains  wholly  in  favor  of  the 
Tertiary  age  of  tbe  coal  group.  Tbe  vertebrate  remains,  according  to 
Professor  Cope,  place  them  witli  the  Cretaceous  group,  while  tbe  proof  from 
invertebrate  fossils  is  not  strong  in  any  direction,  although,  perhaps,  lean- 
ing toward  the  Tertiary.  We  must  admit,  however,  that  the  lower  coal- 
beds  are  of  Cretaceous  age  so  fai*  as  the  evidence  goes.  For  instance, 
tbe  Coalville  and  Bear  Kiver  beds  are  most  probably  Cretaceous,  inas- 
much as  many  undoubted  Cretaceous  types  are  found  in  strata  above 
the  coal.  I  admitted  tbis  evidence  as  far  back  as  1869  in  a  paper  read 
before  the  American  Philosophical  Society.  I  am  more  convinced  that 
farther  south,  in  ]Sew  Mexico,  Arizona,  and  Utah,  there  are  coal-beds  of 
undoubted  Cretaceous  age.  The  main  question,  then,  is  this :  Are  the 
vertebrate  paleontologUts^  Cope  ami  Marshy  justified  in  regarding  the  entire 
Lignitic  grouj)  as  Cretaceous  from  the  eudence  furnished  by  the  vertebrat^i  re- 
inaijis  f  During  the  progress  of  the  survey  tbis  subject  will  be  discussed 
from  time  to  time  with  all  the  bght  that  can  be  gathered  from  every 
quarter.  We  have  in  the  preceding  pages  endeavored  to  describe  some- 
what in  detail  the  sedimentary  rocks  as  exposed  in  the  vicinity  of  the  Big 
Thompson  Creek,  and  either  north  or  south  of  this  point  they  do  not 
differ  materially  in  their  general  character.  We  may  now  move 
rapidly  southward  along  tbe  base  of  the  mountains,  noting  here 
and  there  some  peculiar  features  of  interest  which  may  have  escaped 
attention  in  former  explorations.  About  five  miles  south  of  the 
Big  Thompson  a  shaft  has  been  sunk  to  some  depth,  apparently 
in  search  of  coal.  It  is  just  over  the  quartzite  No.  1,  and  shows 
very  clearly  the  relations  of  !No.  2  to  No.  1.  Tbe  shales  incline 
about  15°.  In  some  thin  mud-limestones  Ostrea  and  Inoceramus 
were  observed  in  great  numbers,  mostly  in  fragments.  A  considerable 
quantity  of  silicified  wood  was  found  here  also.  There  is  here  an  im- 
portant ridge  which  seems  to  be  made  up  of  a  fragment  of  Ko.  1  or  a 
stratum  of  No.  2 — most  probably  tbe  latter.  It  is  composed  of  a  gray  mud- 
sandstone  about  15  or  20  feet  thick,  and  in  many  places  filled  with  veg- 
etable impressions  which  must  have  been  originally  tormed  by  sea- weeds. 
They  are  not  distinct  enough  to  determine,  but  have  tbe  forms  of  black 
irregular  stems,  and  from  the  nuiss  of  these  markings  the  sea- weeds  must 
have  gi'own  here  with  great  luxuriance.  It  is  not  uncommon  for  a  se- 
ries of  the  border  layers,  as  alternate  beds  of  mud-sandstone  or  quartz- 
ites,  with  shales  or  clays,  to  occur  in  many  of  tbe  beds.  These  layers 
disappear  again  in  shales.  About  two  miles  north  of  the  Little  Thomp- 
son we  find  tbe  quartzites  standing  nearly  vertical  in  a  sort  of  frag- 
mentary wall.  This  was  accounted  for  by  another  of  these  spurs  from 
which  the  greater  portion  of  the  Cretaceous  beds  bad  been  worn  away, 
leaving  a  sort  of  semi-quaquaversal,  (section  2,)  Xos.  2,  3,  and  4  in- 
clining from  a  convex  or  dome-shaped  ridge  or  puff  (?)  of  No.  1.  This 
is  certainly  a  very  interesting  example  of  the  connection  of  the  quartz- 
ites of  No.  1  in  what  might  be  called  an  anticbnal.  The  trend  of  tbis 
puff  (d)  is  about  30^  west  of  north.  On  the  west  side  of  the  imff  there  is 
an  interval  of  half  a  mile,  a  synclinal  valley  extending  down  from  the  base 
of  the  mountains,  underlaid  with  Nos.  2,  3,  and  4,  which  originally  ex- 
tended over  the  puff.  About  two  miles  south  of  Little  Thompsou 
there  is  another  of  these  convex  ridges  (d)  which  shows  the  en  eclielon 
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tendency  of  the  mountain-ranges.  It  extends  out  tangentially  several 
miles  from  the  base  of  the  main  range  into  the  plains  between  Little 
Thompson  and  the  north  branch  of  Saint  Vraln's  Creek.  Just  as  the 
Saint  Vrain  emerges  from  the  Hogbacks  in  tlie  phiins,  the  valley  ex- 
pands to  a  width  of  at  least  five  miles,  (c,)  so  that  there  is  only  this 
main  ridge  or  spur  between  the  drainage  of  the  Little  Thompson  and 
Saint  Vrain's  Creek.  This  ridge  is  also  i)artially  <lomed  over,  although 
a  portion  of  the  Upper  Cretaceous  beds  incline  away  from  the  ridge  on  all 
sides.  On  the  east  side  an  oval  mass  has  been  removed  through  the  quailz- 
itesof  No.  1  and  the  Jurassic  group,  just  exposing  the  red  be«ls  in  the  bot- 
tom of  the  depression.  The  quartzites  stand  up  neaily  vertical  on  the 
east  side,  forming  a  semicircular  wall,  while  on  the  west  siile  the  summit 
rises  830  feet  above  the  valley  of  Saint  Vrain,  with  a  dip  of  only  20^  or 
30°.  The  layers  of  rocks  are  quite  massive,4  to  G  feet  thick.  comi)osed  of  a 
beautiful  pudding-stone,  the  pebbles  rounded  and  as  smooth  as  glass. 
There  is  here  at  least  10  or  15  feet  of  solid  pudding-stone,  and  the  i>eb- 
bles  all  through  it  have  the  same  elegant  smoothness  and  are  sometimes 
an  inch  or  two  in  diameter,  but  usually  smaller.  The  depression  as  well 
as  the  sides  of  the  ridge  are  covered  with  huge  cubical  masses  that  have 
fallen  down.  The  last  two  smaller  8j)urs  <1()  not  appear  to  have  inter- 
rupted to  any  extent  the  trend  of  the  ridges.  On  the  north  side  of  the 
Little  Thompson  and  inside  of  the  uplifted  ridges  the  short  rounded 
schist-spur  is  distinctly  seen  trending  northwest  and  southeast,  which  has 
produced  the  puflf.  The  oval  opening  (d)  in  the  puf!'  is  about  lialf  a  mile 
wide  and  a  mile  long,  produced  by  erosion.  To  one  traveling  between 
the  Hogback  ridges  ami  the  granites  these  tangential  movements  of  the 
internal  forces  do  not  seem  to  have  disturbed  the  symmetry  of  the  prin- 
cipal series  of  ridges.  The  Little  Thompson  in  passing  through  the 
main  ridges  cuts  them  at  right  angles,  and  on  the  north  side  a  fine,  reg- 
ular vertical  section  is  shown,  with  the  beds  all  in  their  normal  position, 
while  on  the  south  side  the  same  beds  incline  toward  the  north  from 
the  ridge  or  puff  that  extends  down  into  the  plains,  (well  shown  in  sec- 
tions 2  and  3.)  The  Little  Thompson,  after  emerging  from  the  sand- 
stone ridges,  cuts  a  deep  channel  through  the  calcareous  shales  of  No.  3. 
The  bed  is  here  200  to  300  feet  in  thickness.  These  unusual  develop- 
ments of  a  group  show  the  difficulty  of  obtaining  the  exact  thickness 
of  these  uplifted  groups  of  strata  at  different  points  with  any  degree  of 
accuracy.  We  may  call  this  spur  an  oblong  quaquaversal,  for  the  beds 
i ncline  at  greater  or  less  angles  from  both  sides,  and  come  around  the  end, 
forming  quite  distinct  semicircles.  Nos.  1, 2,  and  3  form  distinct  ridges 
from  the  end  of  the  spur,  and  the  plains  below  show  clearly  that  they 
are  underlaid  by  the  softer  materials  of  the  Upper  CretJiceoiis.  On  the 
south  side  of  the  spur  there  is  a  triangular-shaped  valley,  through  which 
the  north  branch  of  the  Saint  Vrain  flows  from  the  base  of  the  mountains. 
The  upper  part  of  this  triangle  is  a  synclinal,  as  is  so  well  shown  in  the 
illustration.  South  of  Saint  Vrain\s  Creek  the  ridges  begin  to  close  up 
rapidly,  so  that  at  Boulder  Creek  th<\v  form  a  narrow  belt.  Two  or 
three  fragmentary  ridges  of  Lignitic  sandstone  rise  above  the  surface  20 
or  30  feet,  not  over  three  miles  from  the  foot  of  the  mountains,  and  the 
strike  would  carry  them  close  up  against  the  very  base  near  Boulder 
Creek.  The  coal-strata  continue  to  approach  nearer  and  nearer,  until 
between  Boulder  and  Clear  Creeks  they  form  a  portion  of  the  foot-hills. 
The  teiTaces  along  the  base  of  the  mountain  are  very  remarkable,  and 
will  be  noticed  more  fully  in  another  place.  As  they  are  composed  of 
superficial  deposits  the  ridges  pass  under  them  at  times,  and  are  hidden 
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from  view.    We  will  allude  to  these  terraces  again,  under  the  bead  of  , 
glacial  ettects,  which  are  very  conspicuous  everywhere,  and  nowhere 
more  so  than  in  the  valley  of  the  Boulder. 

Near  Boulder  City  the  ridges  hug  the  base  of  the  mountain  closely, 
while  between  North  and  South  Boulders  they  are  worn  away,  mostly 
exposing  the  granites.  The  terraces,  as  well  as  the  lower  valleys,  are 
literally  paved  with  water- worn  bowlders  of  all  sizes.  The  origin  of  the 
agencies  which  have  produced  these  efi'ects  is  evident  from  the 
fact  that  as  we  recede  from  the  mountain  the  bowlders  diminish  in 
size  as  well  as  quantity,  until  far  down  in  the  plains  they  almost 
entirely  disappear.  There  is  no  evidence  that  the  superficial  deposits 
are  of  remoter  origin  than  the  immediate  mouutain-side.  At  Valraont, 
in  the  Boulder  Valley,  about  five  miles  below  Boulder  City,  there  is  a 
singular  dike  of  augitic  dolerite,  which  rises  up  nearly  through  the  hor- 
izontal Lignitic  strata  like  a  wall.  Its  strike  is  about  south  67^  west.  It 
runs  directly  up  the  valley  and  parallel  with  it  at  right  angles  to  the 
mountain-ranges,  and  evidently  had  a  much  greater  extent  than  at 
present.  It  has  been  uncovered  for  the  most  part,  and  perhaps  entirel^^ 
by  the  wearing  out  of  the  valley  of  the  Boulder.  Originally  the  igneous 
material  must  have  been  forced  up  vertically,  filling  the  "fissure  like  a 
mold ;  and  while  the  soft  yielding  sandstones  and  clays  that  surrounded 
it  were  easily  swept  away  by  the  eroding  agencies,  this  dike,  by  the 
great  hardness  of  the  rock,  has  resisted  so  that  it  remains  like  ver- 
tical walls.  The  highest  portion  is  just  at  Yalmout,  and  is  300  feet  above 
the  base,  while  at  either  end  in  a  line  with  the  main  mass  is  a  raised 
ridge  covered  with  the  fragments  of  dolerite.  At  the  top  it  is  30  feet 
wide,  but  expands  to  50  feet  or  more  at  the  base,  while  farther  down, 
where  the  dike  is  much  broken,  it  appears  to  be  150  feet.  It  undoubtedly 
varies  in  width  from  50  to  150  feet.  The  south  side  of  the  dike  is  washed 
by  the  Boulder,  and  is  nearly  vertical  and  loose,  while  the  north  side  is 
covered  with  the  broken  fragments  and  the  sedimentary  beds  jut  up 
against  it  without  any  evidence  of  much  disturbance.  From  the  sum- 
mit of  the  highest  point  the  view  up  and  down  the  valley  is  very  fine, 
and  nowhere  in  Colorado  can  be  gathered  within  a  single  scope  of  the 
vision  so  abundant  and  so  great  a  variety  of  the  resources  of  Colorado. 
The  railroads  are  in  operation  here,  and  the  broad  valley  from  the 
mountains  down  for  thirty  miles  or  more  is  covered  with  fields  of  grain 
and  other  products  of  the  farm.  On  the  south  side  in  the  high 
hills  numerous  openings  for  coal  may  be  seen,  and  between  Boulder 
Valley  and  Clear  Creek  the  bulk  of  the  coal  of  Colorado  exists.  The 
valley  near  the  base  of  the  mountains  is  full  fifteen  miles  in  width, 
but  gradually  narrows  as  the  long  benches  that  extend  down  on  either 
side  approach  each  other,  and  the  little  branches  all  unite  in  one  stream. 
So  far  as  we  can  determine  from  the  surface,  the  dike  extends  about 
tour  miles  in  a  direct  line,  and  from  the  west  end  to  the  east  end  the 
strike  is  about  north  30*^  east.  The  Lignitic  beds  incline  down  the 
stream,  or  about  west  1°  to  3°.  About  half  a  mile  north  of  the  dike,  on 
the  north  branch  of  the  Big  Boulder,  there  is  a  fine  exposure  of  the 
yellow-gray  sandstone,  apparently  horizontal.  Indeed,  wherever  any 
of  the  underlying  Sedimentary  rocks  are  exposed,  they  do  not  seem  to 
have  been  disturbed  by  the  forcing  up  of  the  igneous  matter,  and  we  may 
therefore  conclude  that  it  merely  filled  an  original  fissure  as  a  mold. 

I  will  now  pass  hastily  over  the  remaining  portion  of  the  country  to 
Colorado  Springs,  presuming  that  the  reader  will  find  a  general  view  of 
tills  region,  with  a  pretty  clear  exposition  of  the  great  features  of  the 


30        GEOLOGICAL  SURVEY  OF  THE  TERRIT0UIE8. 

j;(*ological  stnicture,  in  my  report  for  18(50,  but  calling  attention  to  the 
more  detailed  work  of  Mr.  Marviue  and  Doctor  Peale.  1  may  my  here 
that  wxm  after  leaving  the  base  of  the  monntains  we  have  what  are 
nsnally  called  the  ])lain8,  and  the  slope  is  generally  to  the  eastward,  becom- 
ing less  and  less  to  the  Missis8i]>pi  Kiver.  Ten  miles  from  the  foot-hills 
t  he  general  elevation  is  from  ri,(K)0  to  0,000  feet  above  the  sea  ;  the  surface 
is  rolling,  and  in  traveling  from  north  to  south  we  gradually  rise  to  the 
summit  of  one  water-divide  and  descend  into  the  valley  of  some  stream 
whi(;h  Hows  from  the  mountains.  These  streams  are  usually,  on  au 
average,  about  ten  miles  apart,  and  from  one  margin  of  desctMit  to  the 
o]>IM>site  side  it  is  from  live  to  eight  miles.  These  valleys  have  been 
worn  out  slowly  by  caus<\s  which  will  be  noted  in  another  portion  of  this 
chapter.  In  a  former  part  of  this  chapter  I  des<Tibed  in  detail  the  series 
of  sedimentary  b<Mls  from  the  granite  nucleus  of  the  mountains  eastward 
into  the  plains.  From  Cache  a  la  Poudre  tar  southward  to  the  Arkansas 
the  ])lains  are  underlaid  by  some  portion  of  the  Lignitic  group.  The  sa- 
])erticial  deposits  are  so  extensive  and  the  exposures  of  the  underlying 
l)eds  so  rare  that  it  will  always  be  difficult  to  work  out  the  succession  of 
the  beds  in  detail.  It  is  most  probable  that  Denver  is  underlaid  by  the 
lower  portions  of  the  grouj),  ami  that  the  divide  far  southwanl  l^etween 
the  wati*rs  of  the  Plaite  and  Arkansas  is  composed  of  upi)er  beds  of  this 
group.  The  aggregate  thickness  of  the  entire  group,  as  seen  in  Colo- 
rado, cannot  be  less  than  from  3,(X)0  to  5,000  feet.  On  a  geological  map 
attached  to  my  final  rei)ort  of  Nebraska  I  represented  the  fresh-water 
lake  deposits  as  overlapping  the  Lignitic  and  extending  far  southward 
toward  the  Arkansas.  It  is  probable  that  some  i)ortion  of  that  area  is 
occupied  by  the  Ligniti<*  group  alone.  Thfit  the  Lake  or  White  River 
group  (jovei*ed  a  larger  area  southward  along  the  base  of  the  mountains 
is  most  i)robable,  but  that  has  l)een  worn  away  so  that  the  present  area 
occupied  by  them  would  extend  around  to  the  southeast,  mui^h  as  shown 
on  the  map.  I  am  not  iM)sitively  certain  that  they  extend  south  of  the 
line  of  the  Kansas  Pacific  Railroad.  We  know,  however,  that  they  cover  a 
large  area  south  of  the  Union  Pacific  Railroad.  Kast  of  Denver  the  Lig- 
niti(5  beds  must  extend  two  hundred  miles  without  interruption.  It  is 
possible,  also,  that  somewhere  in  this  great  area  basins  occupied  by  more 
modc»rn  Tertiary  deposits  may  yet  be  found.  Jt  is  probable  that  the  Car- 
lumiferous  group  does  not  occur  continuously,  as  colored  on  the  map, 
from  the  line  of  the  Union  Pacific  Railroad  to  Colorado  Springs.  Near 
the  sources  of  Fountain  Creek  both  the  Carboniferous  and  Siluriau 
beds  ajjpear,  and  then  southward,  interrupted  here  and  there,  tht*  former 
grouj)  occurs  along  the  flanks  of  the  mountains.  The  more  carefully- 
prei)ared  maps,  which  will  be  made  hereafter  by  the  survey,  will  correct 
all  local  details,  though  in  a  general  way  this  map  was  very  correct. 

J  have  already  alluded  to  the  fact  that  the  belt  of  uplifted  sedimentary 
ridg<»s  became  narrower  at  the  Dig  Roulder.  Between  the  Big  Boulder 
and  Clear  Creek  all  the  strata  were  lilted  up  at  a  high  angle.  Even 
the  Lignitic  strata  are  close  to  the  granitc^s,  and  stand  at  high  angles, 
varying  from  40^  to  70^.  South  of  Clear  Creek  the  belt  is  not  wide,  but 
it  ex[mnds  somewhat  wider  now  and  then,  but  south  of  Platte  Cailou 
hugs  the  mountains  oven  more*  closely,  the  inner  or  lower  strata  lying 
higli  on  the  sides  of  the  foot-hills.  ^Nowhere  along  this  belt,  from  Big 
Bould(>r  to  Plum  Creek,  do  we  see  any  traces  of  undoubted  Carbonif- 
erous beds.  The  lowest  strata  exposed  next  to  the  granites  var^'  some- 
what in  color  and  texture;  the  prevailing  color  is  brick-red,  or  reddish 
brown ;  but  in  some  pLaces  the  lower  beds  are  composed  of  a  rather 
coarse  conglomerate  cemented  quite  closely  together.     In  the  vicinity 
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of  Bear  Creek  and  its  branches  these  lower  conglomerate-beds  fit  into 
the  irregularities  of  the  surface  of  the  Metauiorphic  rocks  in  a  marked 
manner.  Little  streams  flowing  from  the  mountain-sides  have  cut  excel- 
lent cross-sections,  showing  the  original  deposition  of  the  Triassic  (f) 
sandstones  in  deep  depressions  of  the  granite  nucleus.  We  may  say  here 
that  the  coarseness  of  the  sediments  of  the  lower  beds  of  tlie  Eed  group 
is  not  the  only  evidence  of  the  disturbed  condition  of  the  waters  that 
deposited  them  ;  all  through  the  group  Jire  quite  remarkable  illustrations 
of  irregular  and  oblique  lamination.  These  examples  are  shown  on  a  grand 
scale  immediately  after  the  Saint  Vrain  emerges  from  the  granites.  There 
is  a  considerable  valley  between  the  coarse,  reddish,  feldspathic  granites 
and  the  first  principal  ridge  of  sandstone  wliich  has  been  worn  out  by  the 
water,  but  remnantsof  the  conglomerate  have  been  left,  fillingup  the  irreg- 
ular granitic  surface.  Th(^  Saint  VrRin  here  runs  southward  parallel  with 
the  ridges  for  about  three  miles,  and  then  turns  to  the  east  and  cuts 
through  the  ridges  at  right  angles,  and  tiows  into  the  plains  past  Long- 
mont.  Just  south  of  the  point  where  the  creek  cuts  through  the  belt 
of  sandstones,  the  parallel  valley  closes  up  and  the  ridges  lie  close  up 
on  the  sides  of  the  mountain.  Here  the  group  of  sandstones  wliich  we 
have  usuallv  classed  as  Triassic  exhibits  a  great  varietv  of  structure. 
The  congh)merates  rest  on  the  coarse  feldspathic  gianites,  and  the 
bass<*t  edges  of  the  sandstones  rise  like  a  wall  on  the  east  side  of  the 
creek.  There  are  alternate  l>eds  of  san<lstone  of  various  degrees  of 
firmness  as  well  as  hardness  to  resist  the  atmosphere,  and  softer  layers 
of  sandy  clay.  The  beds  of  sandstone  thicken  or  thin  out  at  remarka- 
bly short  distances.  At  one  locality  on  the  east  side  of  the  creek,  the 
most  imjwrtant  bed  of  sandstone  expands  within  a  distance  of  200 
yards  from  50  to  250  feet  in  thickness,  and  afi'ords  some  of  the  most 
remarkable  examples  of  oblique  lamination,  the  lamina  inclining  10^  to 
170.  Here  we  have  quite  a  broad  interval  for  severjil  miles  or  more  be- 
tween the  granite  foot-hills  and  the  upHfted  sedimentary  ridges,  pro- 
duced by  the  excavation  lor  the  drainage  of  the  Saint  Yrain.  Soon  the 
ridges  lie  close  on  the  sides  of  the  granite,  and  continue  more  or  less 
closelv  to  Clear  Creek.  South  of  Clear  Creek  narrow  intervals  occur 
again  to  a  point  about  five  miles  south  of  the  c^jifion  of  the  South  Platte. 
Just  south  of  the  Big  Boulder  the  red  sandstones  seem  to  have  been 
partially  changed  by  heat,  and  the  ridges  rise  in  lofty  walls  1,500  to 
2,000  feet  above  the  plain,  piesenting  a  front  which  has  no  parallel  in 
any  other  locality  along  the  eastern  llanks  of  the  mountains,  from  the 
northern  boundary  to  Xew  Mexico. 

About  five  miles  south  of  the  South  Platte  Canon  we  come  to  the 
divide  between  the  drainage  of  the  main  Platte  and  Plum  Creek,  where 
the  sedimentary  rocks  jut  uj)  against  the  sides  of  the  mountain  so  that 
the  sloi^e  is  continuous  from  the  tops  of  the  granite  foothills  down  into 
the  valley.  This  divide  is  quite  narrow,  and  southward  we  soon  descend 
into  an  interval  again  between  the  granite  Ibot-hills  and  the  sedimentary 
region.  Between  the  Platte  Canon  and  this  divide  there  seems  to  have 
been  an  unusual  hardening  of  the  Jied  group,  and  the  action  of  the  eroding 
agencies  must  have  been  ])eculiar,  for  the  sandstones  present  a  more 
j>ictures(iue  ai)pearance  than  at  any  other  locality,  not  excepting  the 
*'  Garden  of  the  Cods"  at  Colora<lo  Springs.  The  main  ridges  seem  to 
have  split  up  into  a  multitude  of  irregular  ones,  and  the  fragments  now 
stand  uj)  inclining  eastward  30^  to  50^  in  the  shape  of  leaning  columns 
and  spires,  the  ragged  upper  edges  presenting  almost  every  variety  of 
form  which  the  meteoric  forces  could  produce.  These  fragmentary 
forms  rise  out  of  the  grass  and  bushes  which  gi'ow  abundant  all  around 
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tbeir  base,  and  one  can  wind  about  aiuou^  tbeni  like  meandering  the 
streets  of  some  old  ruined  city.  The  view  from  either  end,  that  is  from 
the  north  end  southward,  or  the  south  end  northward,  is  very  tine,  but 
presenting  a  confusion  of  unique  forms,  the  varieties  of  color)  red,  mot- 
tled, &c.,  adding  mu(!h  to  the  pictnresqueness  of  the  scene.  The  roof- 
like sides  of  many  of  these  broken  ridges  are  peculiarly  marked  by  the 
vertical  furrows  down  which  the  rains  of  heaven  have'  fallen  for  ages. 
The  opportunity  for  the  study  of  forms  presented  here  would  rouse  the 
enthusiasm  of  the  artist  to  any  extent.  It  was  difficult  to  estimate  the 
thickness  of  the  lied  group,  but  it  appeared  to  be  at  least  1,500  or  2,000 
feet.  The  ridges  of  No.  1  Cretaceous  outside  formed  a  continuous  wall 
about  30O  dip.  The  Jurassic  as  well  as  Cretaceous  beds  are  well  shown. 
From  the  divide  between  the  Soijth  Platte  and  the  Arkansas  there 
is  a  marked  change  in  the  character  of  the  sediments  composing  the 
rocks  above  those,  usually  understood  as  Cretaceous.  This  divide  rises 
from  1,000  to  1,500  feet  above  the  valley  of  the  Platte,  near  Denver, 
and  also  about  the  same  elevation  as  at  the  north  end  of  the  valley 
of  the  Arkansas,  near  Pueblo  at  the  south.  The  strata  are  very 
nearly  or  quite  horizontal,  except  near  the  base  of  the  mountains, 
where  they  have,  in  many  instances,  been  slightly  disturbed.  The  full 
series  of  beds  from  the  Ked  Triassic  to  the  summit  of  No.  5,  inclusive, 
are  quite  well  shown  to  be  the  main  water-divide  near  the  source 
of  Monument  Creek,  though  obscured  here  and  there  by  a  modern  de- 
posit of  what  seems  to  have  been  swept  from  the  mountains,  and  must 
be  of  the  Post-Pliocene  age.  This  latter  deposit  is  made  up  of  tlie  de- 
composed feldspathic  granites  and  schists  of  which  the  immediate  foot- 
hills of  the  mountains  are  composed.  The  red  beds  also  have  contrib- 
uted their  portions  to  this  modem  deposit.  From  the  source  of  Plum 
Creek  to  the  Arkansas  it  seems  to  have  filled  up  the  irregularities  of  the 
surface  more  or  less,  and  it  is  only  when  it  has  been  swept  away  that 
the  outcropping  edges  of  theriflges  are  exposed.  There  is  a  certain  de- 
gree of  obscurity  about  the  geology  of  this  district.  The  modern  ap- 
pearance of  the  group  of  coarse  sandstones  and  conglomerates  above  the 
true  Cretaceous  beds  and  their  position  with  reference  to  the  granites 
induced  the  belief  that  they  belonged  to  the  Miocene  period,  and  in  my 
third  annual  report  of  1869  I  gave  them  the  name  of  the  "  Monument 
Creek  group.'^  For  a  distance  of  from  fifteen  to  twenty  miles  they  ap- 
pear to  jut  up  against  the  base  of  the  mountains  with  an  inclination  of 
not  more  than  15^  at  the  highest,  and  usually  not  more  than  3^  to  5^  j 
and  there  is  also  an  apparent  unconformability  with  the  older  formations. 
For  example,  the  red  sandstones  at  the  north  end  lie  on  the  sides  of  the 
granite  foot-hills  at  an  angle  of  70^  to  80^,  and  suddenly  disappear  under 
the  nearly  horizontal  beds  of  coarse  quartzosesandstone.  It  is  out  of 
these  sandstones  that  meteoric  agencies  have  carved  the  remarkable 
forms  w^hich  have  given  names  to  the  little  streams  and  other  localities 
in  this  region.  There  is  one  locality  in  the  valley  of  Monument  Creek 
called  Monument  Park,  from  the  great  number  of  columns  which  are, 
standing  thickly  over  the  surface,  each  one  surmounted  with  a  cap  of 
harder  material.  The  shaft  of  the  column  is  usually  thick  at  the  base, 
rising  up  10  to  20  feet,  tapering  to  the  cap,  composed  of  a  coarse  ag- 
gregate of  quartz-grains,  small  pebbles,  all  water- worn,  very  loosely  held 
together  with  rather  coarse  sand  cement.  The  cap  is  a  deep  rust  color, 
composed  of  sand  cemented  with  oxide  of  iron,  and  by  its  greater 
hardness  has  resisted  more  eflPectually  the  eroding  agencies.  I  cannot 
believe  that  all  the  effects  which  we  now  see  were  accomplished  by  the 
ordinary  atmospheric  influences  at  present  in  operation  in  this  region, 
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althongh  the  air,  rain,  and  snow  may  liare  done  much  to  give  the 
monuments  their  present  forms.  The  greater  portion  of  the  erosion 
must  date  back  into  the  past,  at  least  to  the  Post-Pliocene  period.  It  is 
very  probable  that  water  had  much  to  do  with  the  formation  of  these 
monuments  at  a  time  when  there  was  a  far  greater  supply  here  than 
there  is  at  this  period.  The  (intire  surface  of  the  country  must  have 
been  on  a  level  with  these  caps  at  least,  and  probably  much  higher. 
The  caps  themselves  are  nothing  more  than  concretions  mostly  rounded 
and  flattened,  while  intervening  materials  have  been  slowly  worn  out 
and  carried  away.  There  is  another  form  of  erosion  which  is  character- 
istic of  this  formation,  and  that  is  the  mesas,  or  table-buttes,  which  are 
scattered  thickly  over  a  broad  belt  east  of  the  Denver  and  li\o  Grande 
Kailroad.  Most  of  these  mesas  are  capi)ed  with  a  pur])lisli  porjihyritic 
basalt  which  originally  flowed  over  the  surface,  doubtless  covering  a 
broad  area.  These  buttes,  with  their  flat  summits,  were  also  carved 
out  of  the  horizontal  strata,  and  vary  in  height  from  100  to  150  feet. 
The  rocks  composing  the  "  mesas"  are  mostly  of  a  finer  material ;  and 
above  the  coarse  sandstones  of  the  monuments  some  of  these  mesas 
are  nearly  round,  others  square,  others  oblong.  On  the  east  side  of 
Monument  Creek  and  near  the  divide  they  assume  curious  casteUated 
forms,  so  that  they  look  in  the  distance  like  the  ruins  of  old  castles. 
These  may  be  seen  in  considerable  numbers  in  the  distant  plains  as  far 
south  as  Colorado  Springs.  There  is  a  large  area  in  the  plains  east  of  the 
Denver  and  liio  Grande  liailroad  line,  from  Denver  to  the  Arkansas  liiver, 
which  is  not  well  known  to  the  geologist  as  yet.  The  pine-covered  ridge 
from  which  so  many  streams  rise  flowing  northward  into  the  South  Platte 
and  south  into  the  Arkansas,  forming  what  is  located  on  the  maps  as 
the  liijou  Basin,  must  be  underlaid  by  rocks  which  I  regard  as  belong- 
ing lo  the  Monument  Creek  group;  whether  this  group  as  shown  here 
is  only  a  portion  of  the  great  Lignitic  group  or  not,  the  few  observa- 
tions we  have  made  do  not  determine.  The  plants  found  in  a  number  of 
localities  in  Monument  Creek  Valley  and  near  Colorado  Springs  indi- 
cate that  it  is  a  i)art  of  that  group — perhaps  the  upper  portion.  This 
group  contains  beds  and  seams  of  impure  coal,  with  deciduous  leaves, 
some  of  which  are  identical  w  ith  species  occurring  in  the  Lignitic  strata 
from  New  Mexico  to  the  Ui)per  Missouri.  Indeed,  the  general  aspect  of 
the  rocks  in  this  region  is  much  like  the  Lignitic  group  on  the  Yellow- 
stone and  Missouri  Itivers  near  their  junction  and  in  the  vicinity.  The 
Monument  Creek  group  has  not  yet  yielded  many  fossils,  and  these  are 
not  usually  well  preserved.  The  rocks  are  extrt^mely  soft,  usually  dis- 
integrating easily,  and  too  coarse  in  texture  to  i)reserve  plants  well.  Not 
an  invertebrate  fossil  has  been  found  as  yet,  though  it  is  supposed  that 
some  very  interesting  vertebrate  remains  came  from  it.  More  careful 
explorations  will  undoubtedly  reveal  the  existence  of  fossil  evidence. 
Plants  are  abundant  in  several  localities,  and  other  forms  will  most  prob- 
ably bo  found  farther  east,  toward  the  interior  of  the  basin. 

Unless  these  deposits  are  of  modern  Tertiary  age  I  am  at  a  loss  to 
account  for  their  position  in  relation  to  the  metamorphic  foot-hills,  as 
well  as  the  older  sedimentary  beds.  A  great  portion  of  the  Lignitic 
group  has  been  lifted  uj)  at  a  moderately  high  angle,  as  is  shown  on 
either  side  of  the  divide,  but  for  about  ten  to  twenty  miles  a  group  of 
beds  of  very  coarse  texture,  an  aggregate  of  crystals  of  quartz  and  feld- 
spar, jut  up  against  the  sides  of  the  mountain  at  an  angle  of  nearly  lo^, 
but  usually  not  more  than  8^  or  10^.  The  beds  which  lap  immediately 
ou  the  metamoiphic  rocks  have  the  appearance  of  coarse  feldspar 
granites,  and  as  we  recede  eastward  from  the  base  of  the  mountains 
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the  sediments  become  fiuer  aud  finer,  until  the  whole  group  contains  ft 
very  small  i>ortion  of  the  coarKse  ag:grej(ate.  It  would  appear  that  the 
sediments  of  these  beds  were  derived  from  the  mass  of  metamorphic 
rocks  in  the  vicinity  after  they  had  risiMi  to  or  near  their  present  eleva- 
tion. 

The  variety  of  coloring:  is  not  so  well  shown  in  the  Monument  Creek 
group  as  in  the  Triassic  sandstones  of  IMeasant  Park.  The  metallic 
oxides  have  given  a  good  share  of  beauty  to  the  fornu^r,  enhancing  the 
attractions  ot  these  singular  freaks  of  nature.  Plensant  Park  is  located 
among  the  uplitted  riilges  of  the  Triassic,  Jurassic,  and  Cretaceous 
grouj>s,  and  the  i>eculiar  forms  that  are  worn  out  of  the  variegated  sand- 
stones are  not  even  as  wonderful  as  the  variety  of  rich,  beautiful  shades  of 
coloring.  Far  north  of  this  point,  and  south,  in  the  Garden  of  the  Gods, 
and  many  other  localities,  the  red  sandstones  are  displayed  on  a  grand 
scale,  but  nowhere  else  are  the  rich  coLirs,  consisting  of  ail  shades  of  red, 
pink,  yellow,  gray,  and  white  so  well  shown.  The  tints  were  unusually 
vivid,  and  contrasted  so  as  to  ])roduce  tine  eft'ects.  This  whole  region 
would  be  a  paradise  for  an  artist.  The  uniipie  forms  which  have  been 
carved  by  the  elements  out  of  the  sandstones  are  most  conspicuous. 
Kear  Koontz  ranch  is  a  group  of  weathered  masses  of  sandstone  that 
look  like  hay-stacks.  These  rocks  are  stratified,  with  the  layers  in- 
clining from  the  mountains  to  the  east  10^. 

The  next  point  of  inten»st  is  the  district  around  the  east  base  of  Pike's 
Peak,  in  the  valley  of  the  Fountain  C-reek.  This  little  stream  rises  up 
in  the  mountain-range  of  which  Pike's  Peak  forms  a  part,  tlows  south- 
east, cutting  through  the  upheaved  Sedimentary  ridges,  after  emerg- 
ing from  the  mountains,  nearly  at  right  angles.  The  ridges  on  the 
north  side  of  the  creek  trend  a  little  east  of  south,  but  immediately 
on  the  south  side  tiex  toward  the  mountains  at  a  sharp  angle, 
trending  west  of  south  and  very  soon  apparently  striking  the  granite 
mountain-sides  and  are  thus  cut  short  off.  The  entire  group  thus  for'» 
an  obtuse  angle,  and  Fountain  Creek  has  carved  out  its  channel  pre^^y 
directly  through  the  angle.  The  channel  therefore  affords  a  most  excel- 
lent opportunity  for  the  study  of  the  formations  in  their  consecut*  ^^ 
relations.  But  the  question  arises,  how  is  it  that  they  are  developcM^ 
such  an  enormous  thickness  so  suddenly  !  lias  there  been  an  increr  • 
depositi(m  of  sediments  at  this  particular  locality  f  I  have  aire; 
alluded  to  the  absence  of  all  rocks  below  the  supposed  Triassic  or  icmI 
beds  along  the  flanks  of  the  mountains  from  the  Union  Pacific  Kailioad 
to  Colorado  Springs.  We  may,  then,  ask  why  it  is  that  there  should  be 
ex[)osed  here  so  suddenly,  not  only  an  unusual  development  of  the  Tri- 
assic or  red  group,  but  beh)w  it  1,(MH)  to  1,5()(J  feet  of  reddish  and  graj' 
sandstone-quartzites  with  interralated  beds  of  clay  of  varied  thickness, 
probably  Carboniferous,  and  below  this  a  grouj)  of  limestones  more  or 
less  impure  resting  unconformably  on  the  Metamorphic  rocks  contain- 
ing well-defined  Silurian  fossils.  There  cannot  l)e  less  than  4,(M)0  feet 
of  sedimentaiy  beds  below  the  Cretaceous  No.  I  exposed  in  the  valley 
of  Fountain  Creek,  while  for  a  distance  of  one  huinlred  and  fifty  miles 
north  of  this  point  the  aggregate  thickness  of  the  Triassic  an<l  Jurassic 
groups  is  probably  not  over  1,500  feet  at  any  locality.  The  little  streams 
that  flow  down  from  themountainsides  have  cut  deep  canons  through  the 
Silurian  beds  as  they  lie  high  uimn  the  granite  foot-hills,  and  deep  into  the 
granites  also;  so  that  the  opportunity  for  special  studies  is  as  complete 
ascould  be  desired.  Most  excellent  sections  can  beobtained  in  Williams's 
Canon,  Chiann  Canon,  and  in  a  dozen  gorges  extending  along  themoun^ 
ains  for  about  live  miles.    My  time  was  so  limited  that,  even  witt 
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the  facilities  aiforded  by  these  natural  sections,  ouly  a  partial  examina- 
tion  was  uiade.  There  is  au  area  here  of  about  ten  or  fifteen  miles  square 
that  must  ever  remain  an  interesting  field  for  the  practical  geologist 
and  deserving  of  a  special  exploration.  One  may  follow  Williams's 
Ca  non  up  two  or  three  m  iles  above  the  springs  through  a  narrow  gorge  with 
walls  rising  300  to  50(^'eet  on  either  side.  At  the  entrance  to  the  canon  the 
red  beds  rest  on  a  yellow-gray  limestone  which  passes  down  into  an 
arenaceous  limestone  with  a  reddish  tinge  containing  well  marked  Silu- 
rian fossils.  The  inclination  of  all  the  beds  is  about  35^,  and  the  mass 
runs  high  up  on  the  mountain  sides,  resting  unconformably  on  the 
coarse  i'eidspathic  granites,  as  shown  in  the  illustration.  The  lowest 
beds  of  sedimentary  rocks  are  rather  cofirse  sandstones,  and  conglomer- 
ate made  up  of  water- worn  quartz-pebbles,  with  very  irregular  lamina? 
of  deposition,  the  whole  reminding  one  of  the  Potsdam  group.  About 
two  miles  up  the  canon  the  Silurian  beds,  inclining  southeast  S^  to  10°, 
rests  on  the  feldspathic  granites,  which  are  most  distinctly  stratified, 
the  strata  inclining  about  north  33^.  The  sedimentary  beds  fill  up  in  a 
remarkable  manner  the  inequalities  of  the  original  surface  of  the  meta- 
morphic  rocks.  The  Silurian  group  was  noticed  by  me  in  18G9,  and  a  col- 
lection of  fossils  was  made,  but  the  fossils  were  not  identified  by  Mr.  - 
Meek  until  it  was  too  late  to  use  them  in  ray  third  annual  report.  In 
the  fourtlii^annual  report,  1870,  on  page  295,  several  species  of  Silurian 
fossils  are  mentioned  bj*  him  belonging  to  the  collections  from  this 
locality.  One  of  the  species,  according  to  Mr.  Meek,  is  a  well-known 
form  in  the  Calciferous  group  of  New  York,  Ophileta  complanata. 

There  is  considerable  variety  in  the  aggregate  of  beds  here,  which 
may  be  regarded  as  Silurian,  and  we  may  conclude  that  the  Potsdam 
group  is  quite  well  represented,  and  that  it  is  possible  that  some  of 
the  higher  divisions  occur.  These  rocks  require  a  still  more  careful 
study,  yet  it  is  an  interesting  fact  to  know  of  their  existence  in  this 
locality.  In  the  lower  sandstones  I  found  a  species  of  Lingula,  the  pres- 
ent season,  [)robably  a  Potsdam  form.  I  have  never  known  of  any  Car- 
boniferous fossils  being  found  here,  but  I  am  confident  that  there  are  1 ,000 
to  1,500  feet  of  these  beds  between  the  Silurian  group  and  the  true  red 
beds  or  Triassic.  They  are  composed  mostly  of  sandstones,  quartzites 
with  partings  of  clay  variegated.  About  four  miles  to  the  north  the 
Silurian  limestones  form  high  ridges  on  the  sides  of  the  mountains  for 
a  short  distance,  then  disai>pear  entirely.  There  seemed  to  be  an  ap- 
parent unconformability  here.  I  studied  the  structure  of  the  upturned 
edges  from  every  point  of  view,  and  1  could  not  decide  on  a  real  non- 
conformity. There  were  localities  where  the  Silurian  group  is  entirely 
separated  from  the  red  beds,  and  inclining  at  ditterent  angles,  but  at 
the  upper  end  of  the  "Little  Garden  of  the  Gods"  the  order  of  sequence 
appeared  to  be  unbroken.  We  may  now  ask  how  2,500  to  3,000  feet 
of  rocks  disappear  so  quickly  and  mysteriously,  as  we  go  north  of 
Fountain  Creek.  The  red  sandstones  that  we  have  been  in  the  habit  of 
regarding  as  Triassic  rest  upon  the  granites  as  if  they  had  been  deposited 
there  by  water  originally,  but  partook  of  the  elevation  of  the  mountain- 
range.  We  may  suppose  that  the  Silurian  beds  once  covered  this  entire 
region,  and  that  over  large  areas  they  were  worn  away  prior  to  the 
deposition  of  the  overlying  beds,  and  that  the  portions  we  see  at  this 
locality  are  remnants  that  escapeil  the  great  erosions,  or  we  may  suppose 
that  they  w^re  not  deposited.  1  believe  the  former  is  the  true  inter- 
pretation, that  the  Siluri.in  rocks  once  covered  the  entire  country  and 
may  still  exist  to  a  greater  or  less  extent  under  the  vast  thickness  of 
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more  iiiodera  IkhIs  wbich  unclorlio  tlie  plains  from  iho  cast  base  of  the 
momitains  to  tlie  Missouri  Kiver. 

The  phiteaus  between  Moniiment  Cre<*k  and  lh<»  upheaved  i'idp\s  are 
formed  to  a  ^ivat  extent  of  a  thiek  deposit  of  materials  of  <piite  modern 
orijrin.  Tliere  are  ashen-l>rown  and  j^ray  ehiys  covered  witli  a  eonsid- 
erabU^  thi^^kness  of  a  sort  of  unstratitled  drift  matfrial,  composed  mostly 
ot  the  debris  of  the  Metamorpliic  rocks,  the  red  fehlspathic  predomi- 
natin|4.  This  curious  deposit  fills  up  the  ine<iuaMties  of  the  surface  in 
many  places  protluced  by  the  disturbance  of  th(»  older  sedimentary  btMls. 
IJet ween  the  railroad-dc»[)ot  at  Colorado  Sprin;^s  and  the  "  Little  (har- 
den of  the  (lods,^  the  road  passes  over  a  beauiiful  phiteau,  from  which 
the  view  of  the  country  in  all  directions  is  exceedingly  iUu\  This  pla- 
teau is  underlaid  by  the  modern  deposit,  and  heiv  it  must  reach  a 
thickness  of  200  to  400  feet  at  least,  and  possibly  more.  The  ori;^in  and 
time  of  this  deposit  is  somewhat  obscun*  as  yet,  but  an  attenj|»t  will  1)0 
made  to  clear  up  its  history  in  another  place.  It  is  iindoubtedly  Post- 
riiocene,  and  beIon«»:s  to  some  portion  of  the  IVsr-lilarial  c.a  of  this 
region.  The  deposit  may  be  seen  with  a  greater  or  less  thickness  all 
alirng  the  eastern  Hanks  of  the  mountains,  and  is  composed  of  the  ma- 
terials worn  froui  the  rocks  in  the  iuimediate  vicinity.  In  treating  uf 
the  influences  of  water  and  ice  in  carving  out  the  present  mountain- 
forms,  1  shall  dwell  more  fully  on  this  subject.  4 


CIIAPTEK   II. 

COLORADO    MOUNTAINS,    SOITTII  PARK,    PARK  RANGE,    TPPER   ARKAN- 
SAS VALLEV. 

In  order  that  the  iumual  report*  maj'  be  read  with  greater  interest 
by  the  general  public,  I  have  pi*esented  the  matter  in  a  narrative  fonu 
as  far  as  possible,  stopping  here  and  there  to  discuss  a  toi)ic  more  iu 
detail  as  it  is  suggested  by  some  i>eeuliar  feature  along  the  nmte.  This 
plan  has  enabled  me  heretofore  to  introduce  more  readily  local  details 
of  interest,  both  of  a  pnictciil  as  well  a«  scientilic  nature. 

Our  starting-point  was  Denver,  the  most  important  town  in  Colorado. 
The  country  between  Denver  and  the  mountains  has  already  been  de- 
scribed in  so  much  detail  that  we  will  hasten  on  toward  the  South 
l^irk  by  the  old  stage-road.  After  passing  the  base  of  tLc  mountains 
wo  meet  with  only  changed  rocks,  until  we  descend  into  the  <lepression, 
or  basin,  known  as  the  South  Park.  The  metamor])hic  schists  and 
granites  in  their  almost  numberless  varieties  which  compose  the  central 
l)ortions  of  these  mountain-chains  will  be  discussed  by  Mr.Marvine,who 
spent  most  of  the  season  among  them. 

We  entered  the  mountains  bv  wav  of  the  Turkev  Creek  Cailon  ;  here 
we  had  a  most  excellent  opportunity  to  study  the  connection  of  the 
Triassic  rocks  with  the  underlying  metamorphic.  The  coarse  sediments 
of  the  Triassic  were  deposited  upon  the  irregular  surfac<^  of  the  schists,  of- 
tentimes tilling  up  deep  depressions.  The  canon  has  been  carved  out  of  the 
schists  so  that  they  can  be  studied  with  ease  on  either  side,  and  as  the 
stream  i)assed  through  the  sedimentary  beds  toward  the  i)lains  the  most 
perfect  cross- sect  ions  were  made.  The  stratification  of  the  scihists  is 
even  more  distinct  than  that  of  the  sedimentary  beds.  The  south  side 
of  the  caiion  is  very  rugged  and  precipitous;  the  inclination  of  the  schists 
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is  such  tbat  the  basset  edges  project  from  the  south  side,  while  on  the 
north  side  the  slope  is  quite  moderate.  The  caiion  is  partly  one  of 
fracture  as  well  as  erosion.  The  stream  has  not  cut  the  strata  quite  at 
right  angles,  but  slightly  across  the  dip.  The  principal  rock  is  a  very 
hard,  black  gneiss  or  schist,  with  seams  of  yellow  feldspar,  varying  from 
a  few  inches  to  several  feet  in  thickness,  running  across  the  strata  at 
different  angles.  Some  of  the  seams  contain  quite  large  masses  of 
quartz,  but  feldspar  predominates.  Sometimes  the  quartz  is  interstrati- 
tied  with  the  schists  for  a  short  distance,  running  out,  however,  at  both 
ends.  In  cutting  the  road  along  the  north  side  of  the  Turkey  Creek 
Caiion  an  ol(4dike  is  exposed,  with  feldspathic  quartzite  on  one  side  and 
a  seam  of  feldspar  on  the  other.  The  dike-matter  is  tilled  with  masses, 
of  greater  or  less  size,  of  the  adjacent  schists.  Ihis  dike  would  never 
have  been  exposed  but  for  the  wearing  out  of  the  gorge  by  water  and 
ice.  Igneous  rocks  of  dift'erent  ages  are  thus  exposed  at  various  locali- 
ties all  through  this  front  range ;  seams  of  quartz  or  feldspar  are  so 
numerous,  intersecting  the  schists  in  every  direction,  that  it  would  re- 
quire a  most  detailed  study  to  describe  them  properly.  Pockets  of 
mica  occur  frequently  in  these  seams.  About  a  mile  up  the  caiion  are 
two  dikes  of  syenite  10  to  15  feet  wide,  rising  up  in  the  form  of  a  wedge, 
but  separated  by  about  8  feet  of  feldspathic  granite.  The  schists  here 
present  to  the  eye  the  appearance  of  utter  chaos.  The  study  of  the 
details  would  reveal  a  warping  of  the  bedding  that  would  be  quite 
remarkable.  Layers  several  feet  thick  are  warped,  or  dished,  at  least 
half  the  circumference  of  a  circle.  The  aggregate  inclination  seems  to 
be  20^  east  of  south.  The  lower  thin  layers  of  schist  are  in  some  places 
crushed  in  a  remarkable  degree,  while  higher  up  toward  the  summits 
are  thick  massive  beds  of  feldspathic  granite  in  a  horizontal  position. 
For  about  five  miles  up  the  canon  the  scenery  is  very  rugged  on  both 
sides,  the  valley  widens  out  somewhat,  and  the  mountains  on  either  side 
soften  down  and  are  covered  more  or  less  with  debris  and  thin  soil,  on 
which  grow  grass  and  pine  trees,  ^ear  the  junction  and  for  some  miles 
beyond  the  rocks  are  massive  granites,  of  which  the  great  mountain- 
peaks  in  the  vicinity  are  composed.  The  surface  is  covered  with  gioups 
of  weather-worn  granitic  masses  resembling  old  ruins.  The  peculiar 
forms  of  these  masses  determine  to  a  great  extent  their  texture.  The 
coarse  feldspathic  granites  disintegrate  easily,  and  peel  off  in  thin,  cir- 
cular layers,  giving  to  them  a  smooth,  rounded  appearance,  while  the 
tiner-grained,  more  compact  granites  are  still  angular.  The  varieties  in 
texture  give  iorm  co  the  siii face-scenery  over  a  very  large  area,  and  no- 
where is  this  fact  better  illustrated  than  in  these  mountain-districts. 
The  great  orographic  lines  were  undoubtedly  determined  by  upheaval, 
but  the  present  surface  forms  were  due  largely  to  erosion.  We  shall 
endeavor  to  show,  from  time  to  time,  that  sufficient  importance  has 
never  been  attached  to  this  agent  in  molding  the  lineaments  of  the 
earth's  surface :  that  although  the  proofs  of  upheaval  are  everywhere 
apparent,  and  in  many  localities  most  probably  those  of  depression,  yet 
the  immediate  forms  of  the  surface  thus  produced  have  almost  entirely 
disappeared  under  the  effects  of  erosion  or  weathering.  Many  of  the 
water-courses  have  probably  followed  lines  of  fracture,  so  that  the  two 
agents,  upheaval  and  erosion,  may  have  united  to  produce  many  of  the 
mountain-valleys.  Thereisone  interestingfeature  in  connection  with  the 
mountainous  districts  of  Colorado,  which  is  now  apparent  in  the  valleys 
of  the  Colorado  or  front  range.  These  grassy  area^  are  fast  being 
occupied  by  a  mountain-population,  sparse,  it  is  true,  but  a  very  thrifty 
one.    The  grass  not  only  covers  the  valleys  in  the  elevated  regions,  but 
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grows  high  up  on  the  moniitaiii-sidc,  so  that  it  is  remarkably  well  adapted 
for  dairy  pur|)oses.  A  large  amount  of  the  best  butter  aud  cheese  is 
made,  and  the  demand  is  greater  than  the  supply,  as  yet. 

]\rost  of  the  hardy  garden-vegetables  and  some  of  the  cereals  grow 
well  at  an  elevation  of  C,(H>0  to  8,000  feet.  These  mountainnmehes  are 
every  year  tilling  up  the  more  elevated  n»gions  of  Colorado,  so  that  we 
may  conclude  that  no  ^mrtion  of  the  TeiTitory,  even  aside  from  the  min- 
eral wealth,  is  practically  unavailable  to  man. 

From  the  high  mountain-hills  that  border  the  north  side  of  the  South 
Park  we  have  a  line  view  of  the  great  basin-like  depression,  llie  sur- 
face of  this  basin  is  not  entii-ely  a  plain,  but  is  coven»d  t^  a  greater  or 
less  extent  with  low  ridges  and  hills,  which  trend  about  southeast  and 
northwest.  The  dish-shaped  character  of  the  depression,  as  well  as  its 
origin,  is  plain,  when  we  come  to  examine  the  borders.  We  find  the 
sedimentary  rocks  lying  high  upon  the  sides,  showing  clearly  that  these 
strata  incline  in  evi»iy  direction  towanl  a  common  center.  In  other 
words,  the  South  J\irk  may  be  regarded  as  an  immense  (piaquaversal. 
On  the  north  border,  the  sedimentary  rocks  are  very  much  obscurc^d  by 
the  great  deposit  of  mountain-drirt  and  the  igneous  rocks  that  seem  to 
concentrate  there  to  a  great  extent.  Fragments  of  sandstone,  a])par- 
ently  of  the  Triassic  group,  cover  the  hills,  and  here  and  there  we  see 
an  outcrop  of  the  nuiin  beds,  but  not  sniHcient  to  make  a  connected  sec- 
tion. At  one  locality  there  was  a  circular  depression  surrounded  with 
a  wall  of  trachyte,  with  a  small  lake  in  the  center,  which  was  undoubt- 
edly an  old  crater.  There  is  also  a  great  thickness  of  trachyte  here  in 
layers,  varying  from  an  inch  to  a  foot  in  thickness,  inclining  from  the 
hill  at  first  45^,  then  increasing  to  05^,  showing  that  after  the  first  out- 
flow had  cooled  there  were  subsequent  outflows  elevating  the  cooled 
portions  at  a  high  angle. 

Passing  along  the  road  to  the  southwest,  toward  Fair])lay,  we  see  all 
along  the  bovdera  of  the  park  a  terrace,  which  seems  to  have  such  a 
uniformity  of  level  that  it  points  to  the  existence  of  a  lake  here  at  a 
comparatively  modern  period.  There  is  also  a  very  beautiful  valley  like 
area  here,  which  occupies  about  one  hundred  square  mih*s.  Near  Lech- 
ners  ranch  a  shaft  has  been  sunk  about  lU)  feet  deep,  cutting  a  coal  bed 
about  12  feet  in  thickness,  with  a  dip  of  1/5^  northeast,  and  a  strike 
south  45^  east.  The  clay  above  the  coal  is  about  <5  inches,  and  be- 
low the  coal  10  inches  thick.  Below  the  lower  clay  is  a  sandstone,  at 
the  bottom  of  the  shaft,  and  above  the  up]>er  clay  a  bed  of  yellow  soft 
sandstone.  About  200  yards  to  the  west  another  shaft  has  been  sunk, 
exposing  a  bed  of  coal  G  feet  thick.  1  am  inclined  to  think  there  are 
two  difl'erent  coal-beds  here,  ti)OUgh  there  may  be  but  one.  The  slope 
underlaid  by  the  coal  strata  extends  up  close  to  the  sides  of  the  mount- 
ain, and  the  surface  is  so  covered  wit!i  dril't  that  it  is  only  by  means  of 
these  shafts  that  the  Lignitic  l>(*ds  can  be  seen  at  all.  A  few  fragments 
of  deciduous  leaves  have  been  collected  here,  showing  clearly  that  a 
portion  of  the  Lignitic  group,  as  seen  on  the  east  side  of  the  mountain- 
range,  occurs  here. 

As  we  pass  along  the  road  to  Fairplay,  we  travel  over  the  entire  series 
of  sedimentary  l)eds  known  in  the  ]>ark.  liong  ridges  extend  across  the 
basin,  composed  of  the  black  shales  of  the  Cretaceous,  containing ///mrm- 
mm,  Osfrea^  tscaphliea^  the  well-known  BaeuliteH  oratfts^  &q.  The  entire 
series  of  Cretaceous,  Jurassic,  and  Ued  or  Triassic  group  are  well  shown. 
Toward  the  center  of  the  i)ark  are  some  long  ridgt\s  of  trachyte,  which 
must  have  been  i)roduced  by  the  outflow  of  igneous  matter  from  an  ex- 
tended  fissure.    The  sedimentary  beds  are  exposed  more  or  less  all  aloi:g 


^,^YDEK.]  GEOLOGY SOUTH    PARK.  39 

the  east  side  of  the  park.  They  slope  ap  close  on  to  tbe  east  side  of  the 
Park  range,  but  the  wash  or  drift  from  the  mountains  has  so  covered 
the  slope  that  the  beds  iu  contact  with  the  Metamorphic  rocks  can  sel- 
dom be  seen. 

Along  the  valley  of  the  Platte  the  drift-material,  consisting  mostly  of 
water-worn  bowlders,  is  immense.  The  entire  mass  of  drift-dei)osit,  in 
which  the  i)lacer  diggings  are  located,  bas  been  washed  down  from  the 
valleys  of  the  little  streams  of  the  South  Park.  The  local  origin  of 
the  drift,  so  far  as  our  Rocky  Mountain  districts  are  concerned,  is  illus 
trated  in  a  remarkable  manner  in  the  park. 

The  area  of  the  park  is  about  1,200  square  miles;  its  greatest  length 
is  northwest  and  southeast,  about  forty  miles,  and  in  the  opposite 
direction  about  thirty  miles.  The  shape  is  elliptical.  The  general  ele- 
vation varies  from  8,000  to  10,000  feet  above  the  sea.  The  drainage  is 
from  the  northwest  to  the  southeast.  Before  presenting  any  details  of 
the  geology  of  the  Park  range  I  will  state  briefly  what  I  believe  to  be 
its  relation  to  the  great  Sawatch  range,  on  the  west  side  of  the  Arkan- 
sas River.  I  am  of  the  opinion  that  the  Park  range  is  a  portion  of  a 
gigantic  anticlinal, of  which  the  Sawatch  range  is  the  central  axis;  that 
the  Park  range  is  a  portion  of  the  east  side  of  the  Saw  atch  range,  and 
that  the  great  valley  of  the  Upper  Arkansas  is  mostly  the  result  of  ero- 
sion through  the  granite  rocks.  The  eroding  agents  began  their  work 
in  a  fissure  produced  by  the  uplift,  but  once  a  depression  or  opening 
formed  for  the  accumulation  of  water  and  ice,  the  work  of  disintegra- 
tion would  commence.  The  subject  of  earth-sculpture,  or  erosion,  as  it 
is  illustrnted  iu  myriad  forms  in  the  Rocky  Mountains,  and  nowhere  iu 
the  West  on  a  grander  scale  than  in  the  mountains  of  Colorado,  will  be 
touched  upon  frequently  in  this  report,  and  will  be  treated  more  fully, 
under  a  separate  head,  at  some  future  time. 

The  Park  range  is  very  irregular  in  elevation.  Portions  of  it  are  low, 
while  several  peaks  rise  about  14,000  feet.  Mount  Lincoln  is  14,183  feet, 
and  upon  the  very  summits  are  found  the  sedimentary  rocks.  The 
action  of  the  internal  forces  has  been  very  irregular  also,  sometimes  lift- 
ing the  granite  nucleus  up  to  an  elevation  of  12,000  to  14,000  feet  in 
the  form  of  puffs,  as  it  were,  the  sedimentary'  beds  inclining  at  various 
angles  and  in  different  directions  from  its  sides.  The  aggregate  inclina- 
tion of  tbe  strata  is  plainly  to  the  eastward,  and  the  gentle  slopes  ai'e 
on  the  east  side  of  the  range,  while  on  the  west  the  sides  are  very  ab- 
rupt, and  in  some  instances  the  rocks  overhanging,  so  that  the  general 
form  or  outline  of  the  Park  range  would  indicate  that  it  might  be 
regarded  as  a  jmrtion  of  an  anticlinal. 

All  along  the  east  side  of  the  Park  range  are  numerous  gorges,  which 
extend  down  from  the  crest  and  gradually  expand  out  into  moderately 
wide  glassy  valleys.  Immediately  after  leaving  the  gorge,  however, 
the  drift-material  is  very  great,  covering  the  valleys  and  lying  high 
upon  the  mountain-sides.  These  gorges  usually  commence  near  the 
water-crest  in  a  somew hat  extended  amphitheater,  which  is  constantly 
enlarged  by  the  breaking  down  of  the  sides.  Tbese  gorges  all  point  to 
a  common  origin,  and  have  no  doubt  been  carved  out  by  the  combined 
action  of  water  and  ice.  The  morainal  matter  brought  down  by  the  old 
glaciers  is  shown  most  abundantly  in  the  lower  portions  of  these  gorges 
as  they  expand  out  into  the  valleys  that  open  into  the  plains.  The  evi- 
dences of  ancient  glacial  action  are  quite  abundant  all  through  the 
Park  range,  but  far  more  remarkable  proofs  are  found  in  the  Sawatch 
range.    These  facts  will  be  noted  more  fully  in  another  i>lace. 

From  Fairplay  we  follow  up  the  valley  of  the  South  Platte  for  ten 
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miles,  aiul  arrive  at  the  base  of  one  of  the  si)iirs  extendin*^  from  Mount 
Lincohi,  known  in  the  eoiuitiy  as  Moiint  Dross.  Tlie  entire  monutaiu 
is  so  thickly  covered  with  surfacv-deposits  that  tlie  augiihirities  are 
smoothed  off,  and  the  fjrass  and  Howcrs  are  ciuite  abundant  almost  to 
the  summit.  We  find,  however,  on  ihe  summit,  and  around  the  sides  of 
the  upper  portion,  remnants  of  the  sedimentary  Inids,  quartzites  and 
limestones,  but  the  nucleus  is  a  schistose  granite.  Silver-mines  are 
opened  everywhere  on  the  sides  both  of  Mounts  Hross  and  Lincoln. 
On  the  latter  peak  there  are  mines  of  considerable  value,  which  are 
wrought  by  a  comi)any,  full  14,000  feet  above  the  sea  and  within  U  few 
feet  of  the  summit.  The  3Iontezuma  mine  is  located  within  100  feet  of 
the  top.  The  silver-ores  are  confined  mostly  to  the  limestones  and 
quartzites,  and  are  segregated,  as  it  w(»re,  in  tin*  fissures  in  the  moat 
irregular  manner.  There  st^em  to  be  no  regular  lodes,  but  they  are  like 
the  silver-mines  in  the  limestones  and  quartzites  of  Utah.  Indeed,  the 
formations  are  so  similar  that  a  description  of  one  locality  would  apply 
substantially  to  the  other.  The  mountain  is  composed  mostly  ot  schist- 
ose gneiss,  with  the  lines  of  bedding  very  distinct,  and  unconformably 
upon  it  rest  the  secondary  beds.  The  quartzites,  mostly  crystalline, 
jiartially  changed  by  heat,  rest  on  the  edges  of  the  schists,  then  comes  a 
blue  impure  limestone  full  of  i)Ockets  and  seams  of  (piartz.  Above 
comes  a  thick  bed  of  cpmrtzites  again,  the  whole  mass  a  thousand  to 
fifteen  hundred  feet  in  thickness.  The  sununit  of  the  mountain  is  a 
dike  of  porphyritic  granite,  which  seems  to  have  burst  up  in  the  form  of 
a  wedge  through  all  the  sedimentary  beds.  The  sides  and  summits  of 
the  mountain  are  so  covered  with  the  broken  masses  of  rock,  mingled 
with  igneous,  granitoid  quartzites  and  limestones,  that  it  is  v(»ry  diOi- 
eult  to  obtain  a  clear  section.  On  the  east  side  of  the  mountain  a  sort 
of  gorge  has  been  worn  deep  down  between  IJrossand  Lincoln,  exi>os- 
ing  in  the  vertical  sides  the  order  of  super[)Osition  quite  clearly. 

The  view  from  the  summit  of  Mount  Lincoln  is  wonderful  in  its  ex- 
tent. To  the  east,  far  distant,  is  distinctly  seen  Pike-s  JVak,  with  the 
contiguous  ranges  which  border  the  east  side  of  the  park  and  extend 
northward  toward  Long's  IN^ak,  all  of  which  are  granitoid.  On  the 
west  and  northwest  side  of  the  park  is  a  vast  group  of  high  mountains, 
gashed  down  on  every  side  with  deep  gorges  with  vertical  sides,  reveal- 
ing the  strata  of  quartzites  and  limestones  resting  on  the  schists  with 
dikes  of  the  trachyte.  To  the  southward  can  also  be  seen  the  granite 
nucleus,  a  remarkable  range  of  mountains,  the  Sawatch,  which,  w  ith  its 
lofty  peaks — among  them  ^lounts  Yale  and  Harvard — looms  up  ]\ko  a 
massive  wall,  with  a  wilderness  of  conical  peaks  along  its  sumiiiit.  To  the 
east  and  southeast  the  i)ark  lies  spread  out  to  the  view  with  its  variety 
of  low  ridges  and  meadow.  These  ridges  are  conqiosed  of  all  the  sedi- 
mentary beds  uplifted  known  in  this  region.  Some  of  them,  covered 
with  basalts,  with  a  trend  nearly  noith  and  south,  ext<*nd  in  regidar 
order  far  across  the  park,  eastward.  From  the  toi>  of  Blount  Lincoln 
more  than  iil'ty  peiiks  rising  to  an  (^levation  of  l.'>,000  feet  and  ui)ward, 
and  above  two  hundred  over  1L*,000  feet,  can  be  seen.  Probably  there 
is  no  portion  of  the  world,  accessible  to  the  traveling  public,  where 
such  a  wilderness  of  lolty  peaks  can  be  seen  within  a  single  scope  of 
the  vision. 

The  limestones  and  quartzites  incline  down  the  north  slope  of  Mount 
Lincoln  to  Uoosier  Pass,  which  separates  the  waters  of  the  Platte  from 
those  of  the  Blue  River.  The  trend  of  the  curious  dike  that  caps  Mount 
Lincoln  is  about  southwest  and  noitheast.    Silver-ore  occurs  to  a  great 
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extent  in  pockets,  some  of  wbicli  is  very  rich,  yielding  $500  to  the  ton. 
Much  of  it  is  the  decomposed  carbonate,  like  the  gulch-oi-es. 

On  the  east  side  of  Mount  Bross  is  located  the  Moose  mine,  which 
has  yielded  a  large  amount  of  valuable  ore.  The  greater  part  of  the 
ore  is  taken  from  the  limestone.  Before  going  further  I  will  state  what 
I  believe  to  be  the  age  of  all  the  limestones  and  quartzites  which  seem 
to  cover  the  highest  mountains,  and  in  which  most  of  the  valuable 
mines  are  found.  1  think  there  is  no  doubt  that  they  belong  to  the 
Potsdam  group,  though  1  was  unable  to  discover  any  fossils.  Doctor 
Peale'found  a  few  obscure  forms  which  indicated  that  the  group  is  of 
the  same  age  as  those  next  to  the  granites  in  Utah,  which  we  now  know 
are  of  that  age.  In  Moscjuito  Gulch  we  find  the  sedimentary  beds  dip- 
ping southeas'^  20^  to  25o,  and  toward  the  head  of  the  gulch  the  sc.hists 
incline  15^  in  the  same  direction.  There  are  most  remarkable  faults  by 
which  the  mass  of  sedimentary  beds  are  dropped  down  200  to  400  feet 
directly,  so  that  the  schists  jut  up  against  the  limestones  or  quartzites; 
these  faults  are  very  common.  The  underlying  metamorphic  rocks  are 
made  up  in  part  of  quartzitic  sandstones,  full  of  rounded  pebbles  of 
quartz,  which  would  indicate  that  they  might  belong  to  the  Lauren- 
tian  series.  The  slides  in  this  gulch  are  a  prominent  feature.  Im- 
mense masses  have  slidden  down  from  the  sides  of  the  mountain,  in 
some  instances  a  thousand  feet  or  more,  forming  irregular  terraces. 
The  faults  are  really  very  remarkable  on  both  sides  of  the  gulch.  The 
slides  produce  broad  depressions  near  the  base  of  the  walls,  in  which 
the  waters  accumulate,  forming  lakes,  and  these  are  the  sources  r>f 
the  little  streams.  The  hundreds  of  gorges  which  have  been  carved 
deep  down  into  the  sides  of  the  mountains  form  channels  for  the  little 
streams  that  are  fed  by  the  melting  of  the  snows  near  the  crest.  AH  these 
little  streams  eventually  uniting  form  the  larger  streams  that  traverse 
the  plains.  Each  one  of  these  little  branches  starts  from  one  of  these 
small  emerald  lakes,  far  up  in  the  amphitheater,  near  the  very  water- 
divide.  Thus  we  can  see  that  the  miniature  lake  is  a  prominent  feature  of 
mountain-scenery,  and  from  the  summit  of  some  high  mountain-peak 
hundreds  of  these  little  emerald  lakes  may  be  seen  nestled  high  up  in 
the  very  head  of  the  gorges.  They  are  not  large,  varying  from  100  feet 
in  diameter  to  half  a  mile  or  a  mile;  seldom  more.  On  the  summit 
between  Mosquito,  Birdseye,  and  Evans  Gulches,  broken  masses  of  the 
quartzites  and  trachytes  seem  to  have  moved  down  a  considerable 
distan^ie  from  their  places,  and  are  deposited  in  the  form  of  windrows, 
as  if  there  had  been  glacier  movements  here.  It  is  undoubtedly  due  to 
the  combined  action  of  water  and  ice,  so  that  there  was  a  slow 
movement  of  ihe  masses  of  ice  and  snow  down  the  slope,  and  in 
gradually  melting  left  those  singular  rows  of  rock.  At  the  head  of 
Evans  Gulch  there  is  a  fine  exhibition  of  a  dike  parallel  with  the 
strata  in  a  nearly  vertical  wall  2,000  feet  high.  The  (|uartzites  and 
limestones  pass  beneath  1,000  to  1,500  feet  of  trachyte.  The  latter 
juesent  the  api  earance  of  having  been  elevated  with  the  stratified 
rocks,  and  incline  in  the  same  direction.  The  dip  of  the  trachyte  is  l()o, 
and  the  underlying  limestones  and  quartzites  about  10^  to  ID*^  south- 
east, then  about  1,000  to  1,500  feet  of  the  quartzites  and  limestones.  There 
is  here  a  portion  that  inclines  in  an  opposite  diriH^tion,  west,  toward 
the  Arkansas,  but  this  is  probably  caused  by  the  sliding  down  of  the 
mass.  The  drainage  of  Evans  and  Birdseye  Gulches  fiows  into  the  Ar- 
kans;i8.  Great  masses  have  fallen  down  on  the  sides  of  the  mountain,  so 
that  prodigious  faults  occur  everywhere,  and  the  form  is  that  of  irregu- 
lar steps.    Although  examinations  were  made  here  in  midsummer,  yet 
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the  sides  of  the  luountaiDS  were  covered  with  little  streams  of  wat<?r 
fed  by  the  melting  of  the  snow,  and  the  gmsit  loose  maa^^s  of  super- 
ficial earth  and  fragments  of  rock  moved  slowly  down  the  slope  like  a 
glacier. 

One  of  the  peculiar  geological  features  in  this  range  is  the  trachytic 
beds,  whii^h  appear  to  l)e  intei^stratified  with  the  older  sedimentary 
rocks.  These  igneous  layers  vary  much  in  thickn(\ss,  and  appear  or  dis- 
api>ear,  reach  a  thickness  of  1,0()0  feet  or  more,  and  diminish  in  a  short 
distance  to  a  few  feet,  or  disappear  entirely.  And  yet,  upon  the  out- 
cropping face  of  the  great  uplifted  ridges,  or  in  the  deej)  gulches  where 
not  unfrequently  2,000  vertical  feet  of  rocks  are  shown  in  their  ortlerot 
superposition,  these  trachytes  seem  to  have  llowed  out  over  the  surface 
of  the  Silurian  quartzites,  or,  in  other  words,  are  interstratified  among 
the  old  Silurian  limestones  and  quartzites,  as  if  they  might  be  of  the 
sanjc  age  and  have  been  elevated  with  them.  It  is  probable  that  they 
are  not  older  than  the  Tertiary  period. 

On  the  summit  of  the  pass  or  divide  between  Mosquito  Gulch  and 
EvAns  Gulch,  where  the  great  vertical  walls  which  face  the  Arkansas 
are  so  well  shown,  we  have  several  hundred  feet  of  the  cpiartzites  in- 
clining at  a  small  angle,  and  nesting  directly  on  a  great  thickness,  800 
feet  at  least,  of  unstratilied  trachytes.  At  the  base,  resting  on  the  schists, 
are  quartzites  with  micaceous  sandstone;  pudding  stones,  made  up  of 
rounded  pebbles  of  quartz,  passing  up  gradually  into  a  j'ellow  arenaceous 
limestone,  then  into  a  blue  limestone  rather  oherty,  then  up  into  a  brown 
quartzite  upon  which  the  trachytes  rest.  This  peculiar  structure  in- 
cludes all  the  prominent  peaks  of  this  range,  extending  in  a  nearly  north 
and  south  line  from  Buffalo  Peak,  south,  to  (juandary,  north,  and  I  know 
not  how  much  farther.  There  are  so  many  points  dependent  on  the  com- 
pletion of  the  topographical  maps,  and  the  detailed  reports  of  the  assist- 
ant geologists,  that  these  preliminary  reports  must  necessiirily  be  very 
imperfect.  The  summing  up  of  these  detailed  and  preliminary  i-eports, 
which  must  constitute  our  final  laljor,  will  unite  the  whole  work,  the 
same  as  the  great  preliminary  triangulations  link  together  into  one 
whole  the  detached  topographical  districts,  on  the  final  maj). 

An  examination  of  the  map  will  show  tlie  water-divide  between  the 
source  of  the  South  Platte  and  its  branches  and  the  Arkansas.  Fa\q\\ 
one  of  these  little  streams  cuts  a  deej)  gorge  from  the  crest  down  1,000 
to  2,000  feet,  with  more  or  less  vertical  walls  on  either  side.  Nearly  all 
of  these  gulches,  or  gorges,  have  been  worked  for  gold,  and  the  moun- 
tains prospected  for  silver;  thus  the  miners  have  given  tliem  local  names 
the  origin  of  which  is  in  most  cases  obscure.  The  sujKMficial  de])Osits 
have  been  in  many  cases  almost  entirely  worked  over  by  the  enter|)ris. 
ing  miner  for  gold.  Placer-mining  all  over  this  region  has  yielded 
great  and  brilliant  results,  but  of  course  they  can  never  be  of  a  per- 
manent character.  All  along  the  west  side  of  the  Park  range,  from 
Quandary  Peak  to  Bnifalo  Peak,  we  pass  from  one  gulch  to  another  in 
quick  succession;  each  one  of  which  has  employed  the  enterprising 
miner  to  a  greater  or  less  extent  in  search.of  gold.  Not  less  so  the  east 
side;  but  we  will  follow  our  line  of  travel,  examine  the  west  side  for  a 
time,  and  then  return  to  the  east  slope  again. 

One  of  the  most  noted  of  the  mining  gulches  in  Colorado  is  the  Cali> 
fornia  Gulch.  About  four  millions  of  gold  have  been  taken  out  of  the 
l)lacers.  There  are  a  few  parallel  lodes  that  run  about  10^  west  of  soul  h 
and  east  of  north.  Three  of  the  lodes  would  average  about  10  inches 
between  walls.  The  Five-twenty  lode  has  been  worked  to  the  depth  of 
125  feet  and  200  feet  in  length.     The  Pilot  is  a  ''chimney-'  lode,  and  is 
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Bometimes  80  or  90  feet  wide,  then  closes  up  and  disappears.  About 
$40,000  of  gold  has  been  taken  from  it.  Many  of  these  lodes  spread  out 
in  every  direction  in  small  branch  seams,  and  lines  of  fracture  run  in 
every  direction,  filled  with  ore,  occasionally  very  rich.  Sometimes  these 
branches  will  come  together  in  one  lode  and  again  spread  out,  thus  be- 
coming a  great  source  of  perplexity  and  cost  to  the  miner.  The  Printer 
Boy  is  probably  the  most  valuable  lode  in  this  gulch,  and  has  yielded 
rich  results  to  the  company.  It  is  managed  by  two  very  ])olite  and  in- 
telligent gentlemen,  Mr.  J.  Marshall  Paul,  formerly  of  Philadelphia,  and 
Mr.  Charles  Hill.  This  lode  has  now  been  explored  for  a  horizontal  dis- 
tance of  3.000  feet.  The  width  between  the  walls  varies  from  4  feet  to 
10  or  12,  but  sometimes  pinches  up  to  not  more  than  an  inch.  The 
group  is  mostly  decomposed  clay  with  now  and  then  masses  of  quartzite. 
One  hundred  and  twenty  thousand  dollars  of  gold  have  been  taken  out 
of  this  lode,  which  inclines  about  6^  to  ^^^^  west.  Carbonates  of  cop- 
per and  lead,  iron  pyrites,  zinc  blende,  &c.,  are  found.  The  walls  are 
remarkably  well  defined.  Up  to  this  time  only  the  decomposed  ore  has 
been  taken  out.  There  is  connected  with  this  niiue  a  successful  lo-stamp 
mill,  to  which  10  stamps  more  are  to  be  added.  It  is  sup|X)sed  there 
that  the  yield  of  gold  will  be  $1,000  per  day.  In  California  Gulch,  as  in 
all  the  other  gulches,  the  drift  material  is  very  great  and  entirely  local. 
Trachytes,  quartzites,  and  some  limestones  compose  the  rocks;  the  iron 
ores  are  abundant,  and  in  the  lo<les  there  is  much  iron  pyrites.  The 
vast  amount  ot  the  oxide  of  iron,  mingled  with  the  loose  detrital  deposits, 
gives  character  to  them.  The  clays  have  an  intense  rusty-yellow  color, 
and  the  broken  rocks  and  pebbles  are  often  cemented  together  into  a 
conglomerate.  The  oxide  of  iron  covers  and  permeates  all  the  superfi- 
cial deposits,  which  are  very  thick.  These  thin  out  toward  the  head  of 
the  gulch,  but  thickcin  down  to  the  expansion  of  the  gulch  into  the 
Arkansas  Vallev. 

At  the  head  of  Stray-IIorse  Gulch  a  very  valuable  iron  mine  has  been 
opened.  The  stray  masses  of  hematite  that  cover  the  surface,  mingled 
with  the  drift,  are  abundant,  but  the  detached  masses  from  the  moun- 
tains cover  the  lower  i>ortion  of  the  slope  to  such  an  extent  that,  even 
in  the  channels  of  the  little  streams,  it  is  difficult  to  find  the  basis  rocks. 
The  jirospector  followed  the  fioat-ores  up  to  a  certain  elevation  on  the 
side  of  the  mountain,  and  where  it  ceased  to  ai)pear  he  sunk  a  shaft 
and  found  the  vein  at  no  great  depth.  This  vein  is  well  shown  in  places 
in  Iowa  Gulch,  extending  directly  across  the  strata  in  a  direction  a  little 
west  of  north  and  east  of  south,  and  here  it  is  at  least  100  feet  in  thick- 
ness. It  api)ears  high  up  in  the  south  wall  of  the  gulch,  so  that  its 
relations  with  the  other  rocks  are  apparent.  The  vein  is  at  least  100 
feet  in  width,  and  irust  have  been  segregated  in  a  great  fissure  passing 
down  through  the  (piartzites  into  underlying  schists.  It  must  extend 
along  the  sides  of  the  mountain  for  several  miles,  for  the  distance  from 
the  opening  near  Stray-Uorse  Gulch  and  Iowa  Gulch  is  about  six  miles. 
This  indicates  a  vast  body  of  iron  ore  in  this  region.  The  iron-ore  bed 
trends  about  north  and  south,  and  extends  down  nearly  vertical  through 
the  quartzites.  The  iron  ore  is  said  to  carry  gold  enough  to  i)ay  mod- 
erately. Excelh»nt  galena,  carrying  silver,  is  found  in  the  quartzites 
near  the  iron  vein. 

On  the  south  side  of  Iowa  (lulch  there  is  an  immense  accumulation 
of  trachyte,  gneissic,  and  quartzite  bowlders,  the  former  predominating. 
The  quartzite  has  fallen  down  from  the  north  side  of  the  gulch,  while 
the  gneiss  has  been  brought  down  from  the  head  of  the  gulch  by  glacial 
action.     In  the  side  of  Iowa  Creek  we  find  the  blue  limestone  lying 
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over  the  speckled  traeli.vte,  (piite  coinpaet,  witboiit  lines  of  beddinpr, 
and  mueh  changed,  showing  the  etfect  of  the  igneous  rocks  lielow.  We 
can  see  here  that  the  igneous  rocks  must  be  of  comparatively  nioderu 
origin,  and  must  have  been  intruded  between  the  strata,  forming  a  con- 
spicuous agent  in  the  uplift. 

At  the  head  of  Iowa  Gulch,  on  the  south  side  of  the  stream,  the  mas- 
sive grauites  rise  up  1,000  to  1,200  feet,  with  a  cap  of  the  (puirtzites. 
It  is  from  this  exposure  that  the  great  masses  of  granite  scattered  over 
the  lower  ])ortiou  of  Iowa  Gulch  were  derived.  At  the  head  of  the 
gulch  the  strata  are  greatly  faulted.  The  varieties  of  t<»xiure  in  the 
granites  are  numerous,  and  it  appears  more  massive  and  older  than  any 
before  seen  in  this  range.  It  is  much  broken  by  irregular  jointing,  but 
110  lines  of  bedding  can  be  seen.  The  great  amount  of  broken  massifs, 
most  of  them  nune  or  less  rounded,  which  an*  s(*attered  over  the  sides 
and  bottom  of  these  gulches,  is  marvelous.  There  is  less  of  this  glacial 
evidence  in  the  California  Gul<*h  than  in  any  of  the  gulches  on  either 
side.  This  granite  nucleus,  or  uplift,  seems  to  extend  across  the  heads 
of  the  gulches  in  a  north  and  south  course,  while  the  streams  that  flow 
down  the  west  side  of  the  range  cut  through  this  granite  nucleus  and 
have  their  origin  in  the  stratitied  rocks  that  incline  from  the  eastsh>pe. 
This,  however,  is  not  an  uncommon  occurrence.  There  is  a  constant 
tendency  in  these  mountain  streams  to  wear  these  gorges  back  lH\yond 
the  true  axis  on  either  side.  Each  o?ie  rises  in  a  sort  of  amphitheater 
which  has  been  formed  by  the  breaking  down  of  the  sides  of  the  gorges 
by  the  water  and  ice  in  the  lissure,  and  the  melting  of  the  snow  sweeps 
the  fragments  slowly  down  into  the  gulch.  This  gnawing  pi-ocess,  as 
it  might  be  called,  at  the  mass  of  the  mountain  has  been  going  on  for 
ages,  so  that  in  many  places  the  crest  is  a  single  sharp  ridge  between 
the  amphitheaters  on  either  side.  In  many  j)laces  this  crest  is  worn 
through,  and  many  of  the  low  passes  were  once  high  walls  wholly  inac- 
cessible. 

The  great  mass  of  sedimentary  stratified  rocks  of  which  this  range  is 
largely  composed  inclines  away  south  of  east  from  this  granite  nucleus, 
showing  clearly  its  anticlinal  structure.  The  granite,  as  stK*n  in  Iowa 
Gulch,  is  a  true  "  wedge,"  the  quartzites  capping  the  summits  inclining 
in  opposite  directions,  a  portion  dipping  west  at  an  angle  of  UP  or  ll^o. 
xVlthough,  in  general  terms,  many  of  tlie  mountains  are  illustrations  of 
the  single  wedge  structure,  I  have  never  seen  a  clearer  exhibition  than 
this,  where  the  granite  is  capped  with  the  quartzite  strata,  and  the 
eroding  agents  have  sliced  it  down  vertically,  so  that  the  relations  are 
seen  perfectly.  The  amphitiieater  at  the  head  of  Iowa  Gulch  is  about 
10,500  feet.  In  i)assing  over  the  crest  into  Horseshoe  Gulch  we  are 
obligeil  to  climb  an  almost  vertical  wall  for  1,500  feet.  Resting  upon 
the  granites  at  the  bottom  are  about  200  ffetof  (piartzites  distinctly 
stratified!  Above  the  quartzites  are  800  to  1,0'JO  feet  of  unstratificd 
sombre-gray  porphyritic  tiachyte,  breaking  oil"  in  vertical  columnar 
masses.  Over  the  trachyte  comes  (inartzite  and  arenaceous  limestone, 
passing  up  into  about  50  feet  of  very  cherty,  partially  metamorphosed, 
limestone,  in  which  the  galena  mines  are  located  ;  above  this  are  alter- 
nations of  quartzites  w4th  beds  of  limestone,  2,500  to  3,000  feet  in  the 
aggregate,  in  the  range.  The  summit  of  the  divide  is  about  12,500  feet ; 
the  high  i)eaks,  nortli  or  south,  rise  upward  of  13,000  or  14,000  feet. 
The  summits  and  sides  of  the  range  are  covered  with  fragments  or  de- 
bris of  broken  trachyte  mingled  with  quartzites,  the  former  predomi- 
nating. 

At  the  head  of  Empire  Gulch  the  granites  rise  up  nearly  to  the  sum- 
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rait,  while  the  stratified  qnartzite  cap  only  the  highest  peaks  of  the 
Horseshoe  and  other  cones  in  the  vicinity.  The  qnartzites  here  are 
very  hard,  but  brittle,  breaking  into  small  fragments  greatly  meta- 
morphosed, though  distinctly  stratified,  and  remind  one  of  the  qnartzites 
of  the  Uintah  Mountains.  Below  the  massive  qnartzites  are  ver^-  hard 
limestones,  out  of  which  considerable  quantities  of  silver-ore  are  taken. 
Below  the  limestones  are  50  to  80  feet  of  a  peculiar  rock,  composed 
largely  of  yellow  jasper.  The  dip  of  the  strata  in  the  north  branch  of 
the  Horseshoe  is  about  21^,  and  in  the  Horseshoe  itself  about  ID^,  north 
of  east,  though  it  is  quite  variable.  The  Horseshoe  is  a  most  singular 
mountain-form.  The  excavation  here  has  wrought  out  a  circular  or 
semicircular  form,  which  suggested  the  name  of  Horseshoe  Mountain. 
On  the  south  side  a  ridge  runs  down  the  gorge-like  valley  for  four  miles, 
with  an  average  dip  of  13^,  and  then  a  high  mountain  occurs,  in  the 
base  of  which  the  gneiss  projects  up  500  feet,  while  on  the  east  side  and 
on  the  sunmiit  the  lowest  qnartzites  are  again  seen  in  contact  with  the 
gneiss.  The  most  remarkable  faults  in  the  strata  occur  here.  In  the 
carving  out  of  the  Horseshoe  amphitheater  the  granitic  schists  are  ex- 
posed at  the  bottom,  and  continue  down  for  a  short  distance,  when  they 
are  concealed  bv  the  debris.  Onlv  the  stratified  beds  are  seen  in  the 
walls  of  the  gulch  on  either  side.  Here  and  there  the  schists  rise  up  to 
considerable  heights.  The  sedimentary  beds  may  rest  on  the  schists 
lower  down  in  the  valley,  or  on  the  high  peaks  2,000  feet  above.  The 
remarkably  iixegular  surface  of  the  underlying  schists  is  hardly  due  to 
erosion  prior  to  the  deposition  of  the  sedimentary  rocks,  but  to  the 
internal  forces  that  have  thrown  all  the  rocks  in  this  region  into  such  a 
remarkable  chaotic  condition.  We  do  not  find  here  the  intruded  beds 
of  trachyte  on  quite  so  large  a  scale  as  on  the  west  side  of  the  range. 
The  trachyte,  however,  shows  itself  about  four  miles  below  the  depres- 
sion of  the  Horseshoe,  changing  all  the  rocks  to  a  greater  or  less  extent 
with  which  the  igneous  material  comes  in  contact. 

This  gulch  has  really  three  heads,  of  which  Horseshoe  forms  the  middle. 
The  evidence  of  the  gradually  slow  excavation  of  these  amphitheaters 
is  well  shown  in  each.  That  the  wearing  out  of  the  depressions  may 
have  been  more  rapid  in  former  times  I  do  not  doubt ;  perhaps,  during 
Glacial  or  Post-Glacial  times.  We  shall  hereafter  discuss  the  subject  of 
the  great  Glacial  peiiod,  whitrh  must  have  held  sway  over  all  this  region. 
Ice,  snow,  and  water  are  still  important  agents,  though  their  action  is 
slow  and  the  results  hardly  perceptible  in  a  century.  It  would  be  diffi- 
cult to  fix  any  very  definite  angle  of  inclination  for  the  stratified  rocks. 
Sometimes  it  is  nearly  horizontal,  and  again  nearly  vertical.  In  the 
Horseshoe  district  the  dip  will  vary  between  12^  and  25^  generally.  A 
typical  vsection  of  the  sedimentary  rocks  in  this  region  may  be  found  in 
the  gulch  to  the  south  of  the  Horseshoe.  The  strata  which  rest  upon 
the  schists  there  present  a  nearly-  vertical  wall  for  about  800  feet.  The 
schists  as  they  occur  in  the  bed  of  the  stream  appear  to  be  vertical,  with 
grayish  brown  qnartzites  resting  directly  on  the  edges,  passing  up  into 
a  cherty  limestone.  This  is  quite  variable  in  texture,  though  the  joint- 
age  and  lines  of  stratification  are  clear.  On  the  southeast  side  of  the 
gulch,  at  the  very  head,  there  is  a  massive  wall  of  qnartzites  and  lime- 
stones 800  feet  high  ;  then  comes  a  bed  of  intruded  porphyritic  trachyte, 
about  400  to  600  feet  thick,  and  above  this  comes  300  feet  of  very  hard 
dark  brown  qnartzite,  evidently  partially  metamorphosed.  Then  comes 
an  interval,  obscure  on  the  surface,  but  composed  of  a  dark  slaty  shale, 
with  layers  of  dark  impure  limestone.  There  are  alternate  beds  of 
limestone,  qnartzite,  sandstone,  and  shale  through  what  I  estimated  to 
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I*  IJ>Ni  f(f-*-t  of  Silurian  stratii,  and  2,0()0  feet  of  Cnrlmniferous  beds. 
Tbe  n|i[i«-r  portion  of  the  latter  is  nearly  all  coarse,  rusty,  or  gray  sand- 
<ori^.  vlU'iU:  tlu,'  lower  balf  eoiitains  many  b<Hls  of  shale,  with  layers  of 
lir;.^«ton^  i:ontainin;r  ^reat  iiuml>ers  of  well-marked  Carboniferous  fossils, 
a.*  If'Johitf-n  and  I'rodvrius, 

li:  tb^  .Silfirian  jrioup  the  fir>t  bed  of  trai'byte  is  quite  massive,  and 
if.rj-:.  f:orfe.»iK>nd  w  ith  that  wen  on  the  west  side  of  the  ran^e.  The 
^'fiti^iiUf  i-  i*<-ifert.  an<l  the  mass  breaks  intobu^e  eubical  bkK'ks.  Some 
or  .r  i-  iHUiUiixU'A  vertically,  as  if  composed  of  thin  layers  tip|K.Hl  on  end. 
IW/u^-T  up  aie  -everal  beds  of  the  trachyte,  varyinjj  fi-om  15  to  30  feet 
,:i  •!..''kM— .  Jt  was  not  jiossible  to  fix  a  line  between  the  Silurian  and 
V.**  ^  ^r:.«,riiTeiMns  ;:rou[is,  in  most  instances.  1  shall  imly  speak  of  these 
:'/;:;./»? loi.- in  ;r»iieral  teinis.ieferrin;;: the  reader tt» the canMulIy-wiimpfbt 
**-*\:'fU  in  i>r.  I'eale's  leport.  As  a  p*neral  rule,  it  is  oidy  at  the  very 
>;•-:?'>  <A  tL«-e  ^fulcbes  that  the  basis  rock  can  be  seen.  The  pnH*ess  of 
'i£,t;r,'i,u'j  to  jMi-.%dcr.  as  it  wen*,  by  ice  and  water,  has  been  carried  on  to 
*tn'\t  Au  ext'rnt  that  the  entire  valley  is  covered  thickly  with  earth,  tilliHl 
•*;:}i  rn'iie  or  i*-*.s  worn  nnrks,  of  every  size,  from  that  of  a  pea  to  8t»veral 
f<-^r  m  d:;inierir.  The  snow,  meltin;r  upon  the  crests  of  thi»  mountains, 
•aTijr;jre«  the?^*  superficial  earths  with  water,  and  they  slowly  move  down 
Th<;  ;rulch  mjucIj  like  a  f^lacier.  This  is  another  process  of  grinding 
xXiiz  iiiideilyin;;  ri>^'ks.  smoothing  and  grooving  them.  Underneath  these 
M\\t*'ii\i'AA  deposits  is  what  the  miners  call  the  "  bed-rock,*'  and  it  often 
jn^o!ve,n  immense  labor  to  strip  them  otf  to  reveal  the  mineral  lodes. 

A.H  wf-  pa^  down  ilors4*shoe  or  Four-mile  Creek  we  soon  ttnd  that 
the  Viii^t  amount  of  loose  material  covers  everything,  rendering  the  sue- 
ivt'nr^\i}U  of  nt rata  very  obscure  above  theCarlK)niferous,  yet  we  know  that 
there  is  a  full  M-ries  of  tue  red  beds,  Jurassic  and  Cretaceous,  up  to  the 
>%Mmmit  of  the  Lignitic  group,  inclusive.  The  upper  group  inclines  away 
from  the  bawf  of  the  main  Park  range  far  eastward  into  the  Park.  Pass- 
ing noirh*.\ard  from  Fairplay  to  the  Little  Platte  or  Twelve-mile  Creek, 
we  [ind  the  foot-hills  correspond  to  the  moiv  modern  sedimentary  bi'ds, 
inclinin;;at  all  angles.  In  the  channel  of  a  little  stream,  about  t4'n  miles 
wMith  of  Fairplay,  the  Triassic  and  Jurassic  beds  are  exposed  to  some 
extent,  flipping  .'MT-  to  40"^  east  or  southeast.  The  foot-hills  all  along  the 
west  rtide  of  tlie  Park  appear  to  be  comi)osed  mostly  of  the  reil  group, 
lapping  on  to  the  sides  of  the  mountain.  The  Carboniferous  and  Silu- 
rian groups  are  seen  on  the  si<les  and  summits,  higher  up.  A  few  of 
these  details  uill  atl'ord  us  a  glimpse  of  the  wonderful  comi)lication  of 
forei's  that  have  thrown  these  mountains  into  chaos,  as  well  as  the  tre- 
mendous power  of  the  <»roiling  agents  which  have  aided  to  increase  the 
dinicultie.H  in  some  localities  and  to  decrciise  them  in  others.  As  we 
mrjve  w<fst,wanl  to  the  Sawatch  range,  or  the  Elk  Mountains,  we  shall 
meet  with  a  repetition  of  the  same  results,  only  on  a  far  grander  scale. 

South  of  Jlor."«es}ioe  Mountain  the  main  range  continues  lli,0(K)  feet 
and  upward  to  iJuffalo  Peak,  rising  far  above  timber-line.  Tlie  rocks 
are.  mostly  i:ranitoi<l,  but  there  are  remnants  of  the  quartzites  even  on 
the  crest;  but  rather  low  down  on  the  sides,  perhaps  1,000  feet  below 
tlu'  cr<'st,  the  .Sibiriaii  limestones  and  quartzites  crop  out  here  and  there, 
though  mne.h  obs(!unMl  by  the  lUbrin,  In  the  valley  of  the  Little  Platte, 
close  to  the  foot  of  the  mountains,  is  a  considerable  thicknessof  a  group 
of  v<»ry  p<M'uIi;ir  Kyp»^'f<*i'ous  stiata,  the  same  as  those  around  the  salt- 
works about  tw<'lve  miles  to  the  southeast.  The  surface  has  a  volcanic 
a]>))earan<*e,  as  if  covered  with  slag,  and  yet  the  clays,  sands,  and  other 
rocks  of  both  the  (*n*ta<'eous  and  Jurassic  are  incrusted  with  the 
chloride  of  sodium  as  well  as  the  sulphate  of  lime.     Again,  on  the 


HAYDEx.l  GEOLOGY ^ARKANSAS    VALLEY.  47 

north  and  east  side  of  Buffalo  Peak  the  unequal  elevation  of  both  the 
granites  and  the  sedimentary  rocks  is  apparent.  They  may  be  seen 
here  in  contact  at  the  base  of  the  Peak,  or  near  the  summit,  2,000  feet 
above  the  base.  Twelve-Mile  Creek  rises  near  Weston's  Pass,  flows 
for  a  short  distance,  about  six  miles,  east  of  south,  then  bends  so  that 
the  course  is  a  little  south  of  east  after  emerging  from  the  range.  The 
deep  gorges  are  very  numerous,  and  seem  to  be  carved  out  of  the  mass- 
ive granites,  presenting  on  either  side  remarkable  sections. 

The  crest  of  the  divide  at  the  head  of  the  south  branch  of  the  Little 
Platte  presents  a  fine  view  of  the  valley  of  the  Arkansas  toward  the 
west,  with  the  grand  range  of  the  Sawatch  on  the  west  side,  like  a  gi- 
gantic wall,  with  its  wilderness  of  peaks,  upwanl  of  13,000,  and  many 
of  them  over  14,000  feet.  Nestled  at  the  base  of  the  Sawatclt,  at  the 
mouth  of  the  Lake  Creek  gorge,  are  the  beautiful  Twin  Lakes,  separated 
from  each  other  by  a  belt  of  morainal  deposits  only  about  200  yards  wide. 
To  the  southeast  may  be  seen  distinctly  the  ranges  about  the  San  J^uis 
Valley,  with  Ouray  and  Uncompahgre  Peaks  rising  far  above  all  the 
rest.  To  the  east  we  have  the  South  Park  full  in  the  foi'eground,  hiok- 
ing  like  an  immense  meadow.  The  ridges  which  run  across  it  in  differ- 
ent directions  are  softened  down  by  the  distance.  Pike's  Peak,  with  the 
ranges  of  mountains  on  either  side,  shuts  oft*  the  vision  from  the  broad 
l)lains  beyond ;  it  rises  so  far  above  the  rest  that  it  becomes  a  most 
important  landmark  for  a  radius  of  fifty  to  eighty  miles  in  every  direc- 
tion. To  the  northeast  and  west  is  the  splendid  group  of  peaks  of 
which  Mount  Lincoln  is  the  crowning  one;  while  to  the  northwest  are 
the  sources  of  the  Arkansas  with  the  Tennessee  Pass  and  its  associated 
ranges  of  mountains.  The  Blue  River  range  can  be  seen  dimly  beyond. 
Such  are  the  geographical  features  of  this  remarkable  region,  and  I  de- 
scribe them  from  time  to  time,  to  convey  to  the  reader  the  fact  that  the 
variations  are  kaleidoscopic,  and  from  every  important  mountain-peak 
a  fresh  and  equally  grand  view  may  be  obtained. 

As  I  have  before  stated,  it  is  my  belief  that  the  range  of  mountains 
on  the  west  side  of  the  South  Park  is  a  portion  of  a  grand  anticlinal  of 
which  the  Sawatch  range  is  the  central  mass  or  axis.  Therefore  the 
general  inclination  of  the  great  body  of  the  rocks  of  the  Park  range  is 
eastward,  metamorphic  as  well  as  sedimentary.  On  the  east  side  of  the 
crest  the  dip  of  the  strata  is  obvious,  ami  the  granitoid  nucleus  is  ex- 
posed in  comparatively  few  places,  except  in  the  gorges,  where  the  erod- 
ing forces  have  cut  deep  down  through  the  sedimentary  beds  into  the 
schists.  But  on  the  west  side  the  granites  are  visible  everywhere, 
while  the  sedimentary  rocks  are  the  exception.  The  action  of  two  forces 
are  indicated  in  this  range ;  one  which  acted  uniformly  and  slow,  ele- 
vating the  vast  series  of  North  and  South  ranges  from  the  plains  on  the 
east  to  the  Colorado  River,  and  perhaps  farther,  and  a  second  force 
operating  synchronously,  but  probably  spasmodically,  tossing  the  gran- 
ites as  well  as  the  sedimentary  group  into  chaos.  The  one  acted  in 
long  lines  of  fracture,  forming  regular  anticlinals  with  the  stratified 
groups,  inclining  from  either  side  of  the  central  axis  in  regular  order ; 
the  latter  bringing  to  the  surface  the  igneous  rocks,  and  producing  those 
wonderful  faults  of  which  we  find  so  many  illustrations  in  the  Park 
range.  The  general  form  of  this  range  also  reveals  its  anticlinal  char- 
acter, through  the  fragments  of  the  sedimentary  groups  which  have 
broken  down  from  the  crest  on  the  west  side.  In  the  California  Gulch, 
and  to  some  extent  in  other  localities,  the  igneous  rocks  have  been 
poured  out  over  the  mountain  side  covering  both  granitic  and  sedi- 
mentary beds,  but  the  granitic  rocks  predominate,  and  all  others  occur 
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only  iu  detached  portions  that  seem  to  illustrate  a  series  of  remarkable 
faults. 

The  Arkansas  Valley,  from  its  head  in  Tennessee  Pass  to  the  point 
where  the  river  cuts  through  Front  range  and  opens  out  into  the 
plains,  has  been  worn  out  of  the  granite  mass  to  a  great  extent. 
The  valley  is  j)artly  a  tissure,  but  is  mostly  due  to  erosion.  The  drain- 
age was  uudoubt<»dly  started  by  the  lissures  produced  by  the  great  up- 
lift, but,  as  brpad  and  deep  as  it  is,  it  is  undoubtedly  d*ie  mostly  to 
erosion,  and  by  this  illustration  we  may  form  some  conception  of  the 
work  of  this  powerful  agent  in  giving  form  to  the  surface  of  this  mount- 
ain-region. From  the  crest  of  the  Park  range  across  the  Arkansas 
Valley  to  the  crest  of  the  Sawatch  the  distance  will  average  from  ten 
to  fifteen  miles,  in  a  straight  line,  and  the  average  elevation  above  the 
water-level  of  the  Arkansas  River  must  be  about  1,500  fun^t.  Now,  it  is 
I)robable  that  three-fourths  of  this  vast  space  from  the  Tennessee  Pass 
to  the  Poncho  Pass,  near  the  head  of  San  Luis  Valley,  a  distance  of 
one  hundred  miles,  has  been  worn  out  by  erosion,  and  the  greater  por- 
tion of  the  material  carried  down  the  river  and  distributed  over  the 
plains.  It  is  probable,  also,  that  this  great  spac^  was  at  no  very  ancient 
period  filled  with, one  vast  glacier,  which  doubtless  performed  the  greater 
part  of  the  grinding  up  of  the  rocks  and  the  wearing  out  of  the  valley. 
The  glacier-worn  sides  of  the  mountains  on  either  sideof  the  valley  extend- 
ing nearly  to  the  summits,  the  remarkable  morainal  deposits  iu  the  main 
valley  aiid  on  the  sides  of  the  gorges,  jmint  strongly  to  that  conclusion. 
We  hope  in  the  succeeding  chapter  to  describe  n)ore  in  detail  the  phe- 
nomena of  ancient  glacial  action,  which  is  so  admirably  shown  on  both 
sides  of  the  Sawatch  range. 

The  remarkably  rounded  and  grassy  appearance  of  these  high  mount- 
ain-ranges in  many  instances  is  quite  surprising,  and  we  ask  how  so 
great  a  thickness  of  8ui)erficial  earth  could  have  accumulated  so  far 
above  timber-line  f  Besides,  this  driftlike  deposit  is  covered  with 
masses  of  rock  of  various  sizes,  more  or  less  worn,  mostly  gianitic,  and 
mingled  with  the  finer  materials  are  numerous  bowlders,  so  that  there 
must  have  been  some  agent  that  acted  quite  generally  in  grinding  down 
the  8urfa<;e.  All  along  the  west  side  of  the  Park  range  the  granite 
rocks  crop  out,  but  from  a  point  opposite  Tennessee  Pass  to  Buffalo 
Peak  this  old  glacial  deposit  covers  a  great  portion  of  the  surface. 
When  the  underlying  or  basis  rocks  do  crop  out  to  any  extent  the  ab- 
rupt side  faces  west  toward  the  Arkansas,  and  the  gentler  slope  is 
toward  the  east,  so  that  even  the  granitic  nucleus  testifies  to  the  anti- 
clinal character  of  the  range.  This  is  verj-  well  shown  on  the  west 
side  of  Buffalo  Peak,  and  southward  where  the  granitic  rocks  rise  in 
high,  conical  peaks,  with  the  abrupt,  wall-like  face  to  the  west,  and 
sometimes  even  overhanging  at  the  summit.  The  heavy  snows  that  fall 
on  these  mountains,  melting  in  the  spring,  thoroughly  saturate  these 
surface-deposits,  and  great  masses  become  more  or  less  movable,  de- 
pending upon  tlie  steepness  of  the  slope.  The  degiadation  of  the  under- 
lying rocks  is  constantly  going  on,  and  the  movements  of  the  great 
masses  of  earth  i)roduce  results  much  like  those  of  a  glacier. 

About  five  miles  below  the  mining  town  of  Granite  the  upper  valley 
of  the  Arkansas  begins  gradually  to  expand  in  width.  Terraces  have 
been  formed  on  either  side,  which  show  the  former  existence  of  a  lake. 
It  is  most  probable  that  the  lake- waters  set  high  up  the  Arkansas  River, 
even  to  its  source ;  but  the  greater  portion  of  the  waters  were  gathered 
into  the  lower  part.  By  Upper  and  Lower  Arkansas  I  mean  the  portions 
above  or  below  the  canon.    In  the  lower  portion  of  the  Upper  Arkau- 
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iSas  I  described,  in  my  third  annnal  report,  for  1869,  a  group  of  light- 
colored  marls,  800  to  1,200  feet  in  thickness,  under  the  name  of  Arkan- 
sas marls.  I  then  regarded  them  as  of  Pliocene  age,  and  noted  their 
inclination  as  3°  to  5°,  which  would  imply  that  they  were  deposited  be- 
fore the  great  Sawatch  range  had  reached  its  present  height.  It  is  plain 
that  at  a  period  comparatively  modern  in  date  there  was  a  lake  here  at 
least  forty  or  fifty  miles  in  length,  and  from  five  to  ten  in  breadth, 
and  that  in  the  lower  portions  several  hundred  feet  in  thickness  of  fine 
sediment  were  deposited  in  moderately  quiet  waters.  The  numerous  lit- 
tle streams  that  flow  from  the  Sawatch  rauge  toward  the  Arkansas  cut 
deep  channels  through  this  modern  deposit.  The  quantity  of  rounded 
bowlders  of  various  sizes  in  the  vicinity  of  these  streanis  is  immense.  Even 
after  the  lake- waters  had  passed  down  the  Lower  Arkansas,  through  the 
cafion,  there  must  have  been  tremendous  glacial  as  well  as  aqueous  forces 
operating  from  the  deep  gorges  in  the  mountains,  tran.'^porting  a  vast 
amount  of  drift  material  into  the  vallev.  Jujst  how  much  of  this  broad 
expansion  is  due  to  erosion  it  is  difficult  to  determine,  but  I  am  inclined 
to  the  belief  that  there  was  originally  only  the  fracture  of  elevation, 
and  that  the  old  lake-basin  is  mainly  due  to  erosion.  On  neither  side 
of  the  valley  do  we  see  any  of  the  older  sedimentary  rocks.  From 
Poncho  Pass  to  the  very  source  of  the  Arkansas,  a  distance  of  80  miles, 
no  rocks  but  Igneous  and  Metamorpliic  can  be  seen  upon  the  east  side. 

The  Sawatch  range  is  one  solid  mass  of  granite,  intersected  to  a 
greater  or  less  extent  by  dikes.  If  we  follow  any  of  the  little  streams 
that  flow  from  the  range  on  the  east  side,  up  to  the  sources  of  Trout 
Greek,  for  example,  just  before  reaching  the  borders  of  the  South  Park, 
we  shall  ffhd  the  full  series  of  the  sedimentary  rocks,  from  the  Silurian, 
resting  on  the  granites,  up  to  the  Cretaceous,  inclusive,  at  least,  inclining 
in  an  easterly  direction.  The  tendency  of  the  waters  of  the  Arkansas 
Biver  was  to  gravitate  to  the  extreme  eastern  side  of  the  valley,  from 
the  slope  given  by  the  anticlinal  character  of  the  elevation.  The  abrupt- 
ness of  the  east  side  of  the  granite  rocks  on  the  east  side  of  the  valley,, 
from  one  end  to  the  other,  shows  the  part  which  they  sustained  in  the 
uplift.  From  a  point  about  two  miles  below  the  mouth  of  Pine  Creek 
the  Arkansas  River  flows  through  a  very  narrow,  tortuous  channel,  with 
the  granite  rocks  of  a  great  variety  of  texture  projecting  over  the  base 
in  some  instances,  and  rising  in  a  precipitous  wall  a  thousand  feet  high. 
Below  the  mouth  of  Trout  Creek  the  eastern  i)ortion  of  the  anticlinal 
becomes  the  Front  range.  I  have  dwelt  so  long  on  this  great  anticlinal 
because  it  constitutes  the  key  to  the  physical  structure  of  a  great  area,, 
and  also  because  it  will  throw  much  light  on  other  portions  ot  the  Rocky 
Mountain  region.  It  seems  to  illustrate  a  statement  that  I  have  often 
made,  in  previous  reports,  in  regard  to  the  simplicity  of  the  structure  of 
the  eastern  portion  of  the  Rocky  Mountain  region. 

In  general  terms,  while  the  details  are  extremely  complicated,  we  may 
express  the  structure  of  a  belt  of  country  known  as  the  Sawatch  range, 
eighty  miles  in  length  from  north  to  south,  and  at  least  forty  from  east 
to  west,  as  a  single  wedge  of  granite,  thrust  upward,  and  the  sediment- 
ary rocks  inclining  from  either  side.  The  illustration  of  which  the 
Sawatch  range  is  tlie  central  mass  is  probably  on  a  grander  scale  than 
any  other  in  the  West,  but  there  are  abundant  examples  of  smaller  size. 
The  Black  Plills  of  Dakota,  the  Laramie  range,  Big  Horn,  \\  iud  River, 
and  many  others  are  of  the  same  type. 

Our  last  movement,  July  22,  was  along  the  divide  from  Weston's 
Pass  to  tlie  base  of  Buffalo  Peak.  We  have  described  the  s[)lendid 
view  we  obtained  of  the  entire  Upper  Arkansas  Valley,  from  the  Ten- 

4  G  s 


50        GEOLOGICAL  SURVEY  OF  THE  TERRITORIES. 

iiessee  Pass  to  tlio,  cafion,  a  distance  of  eighty  miles.  Our  camp  was 
on  the  north  base  of  the  peak,  above  timber- line,  at  the  very  soui<:es  of 
some  of  the  little  branches  of  the  Platte.  Tbe  granite  rocks  cropped 
out  all  around  ns,  although  the  greater  portion  of  the  surface  was 
covered  with  grass,  and  the  moist  valleys  were  peculiarly  fresii  and 
green.  The  lower  portion  of  the  Upper  Arkansas  Valley  is  indeed  a 
parkf^nd  far  more  beautiful,  though  not  so  large  as  the  South  Park ; 
but  its  origin  is  very  different.  The  South  Park  is  an  area  of  depression, 
that  is,  it  is  a  basin  surrounded  by  lofty  ranges  of  mountains,  underlaid 
with  rocks  of  the  sedimentary  group,  which  shows  that  it  has  never 
been  elevated  equally  with  the  surrounding  mountain-ranges.  The  Ar- 
kansas Park  is  an  area  of  upheaval  and  erosion,  and  nowhere  in  it  are 
any  sedimentary  rocks  exposed  older  than  the  modern  lake-deposits. 
A  few  small  streams  flow  into  the  Arkansas  River  from  the  east  side, 
but  the  main  drainage  is  from  the  west  side.  Descending  into  the  val 
ley  on  the  west  side  of  the  Park  range,  from  the  base  of  the  Buffalo 
Peaks,  we  found  the  traveling  very  difficult;  the  sides  of  the  mountains 
covered  with  debris  and  very  precipitous.  The  fallen  timber  adds  also 
much  to  the  labor  of  traveling.  The  autumnal  fires  sweep  over  the 
sides  of  the  mountains,  killing  the  pines,  and  the  winter  and  spring 
winds  lay  them  down  in  every  direction,  forming  a  perfect  net-work 
Keaching  the  valley  nearly  opposite  Mount  Harvard,  we  camped  for 
two  days  on  the  bottom  to  make  a  study  of  this  interestmg  region.  By 
following  our  route  of  travel  in  our  narrative,  we  are  enabled  to  note 
down  the  local  details  of  the  geology  from  point  to  point,  on  which  any 
general  remarks  we  may  make  are  founded.  The  maps,  which  will  soon 
be  published,  will  enable  the  geological  reader  to  follow  these  routes 
with  ease ;  and,  in  connection  with  the  sketches  and  sections,  we  hoi>e 
to  make  our  observations  clear. 

The  point  from  which  we  will  start  now  on  our  march  up  the  Arkan- 
sas River  is  at  the  head  of  the  Arkansas  Park,  a  little  below  the  mouth 
of  Pine  Creek.  The  valley  here  begins  to  expand  out  somewhat,  and  is 
about  half  a  mile  in  width.  There  are  several  abandoned  farms  on  the 
bottom.  Lower  down  in  the  main  park,  or  valley,  are  some  excellent 
farms  and  prosperous  settlements.  The  decline  of  the  mining  interest 
has  caused  the  upper  portion  of  the  valley  to  be  almost  entirely  deserted. 
A  few  years  ago  there  were  many  thousands  of  miners  in  the  valley,  and 
every  gulch  was  tilled  with  placer-diggings.  Gmnite  bid  fair  to  become  a 
city  and  spread  itself  over  a  considerable  area  on  both  sides  of  the  mines. 
Now  the  buildings  are  all  fast  going  to  decay.  A  few  miners  still  linger 
among  the  old  "  placers,"  but  tlie  mining  period  has  passed  away. 

1  have  spoken  of  the  liner  sediments  which  were  deposited  in  the 
ancient  lake,  in  the  lower  portion  of  the  valley  to  the  southward.  The 
waters  that  rushed  down  from  the  north  lost  tbe  greater  part  of  their 
force  in  the  broader,  deeper  waters  of  the  southern  portion.  Here  the 
line  material  which  was  ground  from  the  granite  rocks  by  water  and  ice 
to  the  northward  was  carried,  and  the  greater  stillness  of  the  waters 
then  allowed  it  to  settle  on  the  bottom  more  quietly,  I'orniiug  a  group 
of  marly  strata  at  least  1,200  feet  in  thickness,  which  have  woatliered 
into  the  peculiar  architectural  formswhich  characterize  the  modern  lake- 
deposits  farther  north  in  which  the  remains  of  so  many  extinct  verte- 
brate animals  have  been  found.  As  we  ascend  the  valley  from  the 
lower  end,  these  lake-deposits  become  coarser  and  show  evidences  ol 
deposition  in  more  turbulent  waters,  until  at  the  upper  end  the  huge 
rounded  bowlders  predominate.  Near  the  bridge  about  live  iftiles  below 
Granite  are  long,  lone  ridges  of  the  coarse  drift  or  detrital  matter  on 
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the  bottom,  parallel  with  the  river.  The  surface  is  covered  with  huge 
granite  bowlders  on  both  sides  of  the  river;  long,  high,  rounded  ridges  of 
worn  bowlders  are  pileu  up  as  if  they  had  been  lett  by  the  melting  masses  of 
ice.  We  find  the  granite  rocks  in  place  much  worn  as  we  ascend  the  valley, 
but  no  signs  of  grooving.  The  coarse  texture  of  the  granite  permits  them 
to  disintegrate  readily,  and  they  have  a  tendency  to  become  rounded  by  a 
process  which  I  have  termed  exfoliation,  or  a  tendency  to  peel  oft*  in  thin 
concentric  layers.  This  is  a  very  common  feature  in  most  of  the  varieties 
of  rock  in  the  West,  and  the  great  variety  of  scenic  forms,  as  well  as 
much  of  the  loose  debris  or  soil  in  the  mountains,  is  due  to  this  process. 
Whenever  the  fires  run  over  the  sides  of  the  mountains,  burning  the 
forests  of  pine,  the  most  compact  granite  rocks  scale  off  in  this  manner, 
and  undoubtedly  the  sun's  rays,  expanding  the  surface  by  the  heat, 
produce  similar  results.  Just  be"iOw  the  mouth  of  Pine  Creek  a  high 
vertical  point  juts  out  from  the  east  side  of  the  Arkansas,  over  the  river, 
of  a  harder  texture  and  more  compact  than  the  contiguous  rocks.  The 
jointage,  which  is  nearly  vertical,  presents  strikingly  smooth  faces  and 
sharp  angles.  The  great  variety  of  texture  in  the  granitic  rocks  is  con- 
tinually shown,  varying  from  a  close  fine-grained  feldspathic  or  qnartz- 
itic  mass,  scarcely  affected  by  atmospheric  agents,  to  a  very  coarse  ag- 
gregate, readily  falling  in  pieces.  Iron  in  some  forms  is  a  very  powerfnl 
agent  also  in  destroying  the  cohesion  of  granites.  This  hard  ])oint  seems 
also  to  have  extended  across  the  river  and  to  have  resisted  in  part  its 
power,  so  that  falls,  or  rai)ids,  of  25  feet  descent  have  been  formed.  Just 
above  this  point  there  is  a  low  ridge  of  granite,  which  in  the  wearing 
out  of  the  valley  escaped,  wliile  on  the  east  side  of  the  Arkansas  there 
is  an  old  river-bed.  These  remnants  serve  to  indicate  in  some  degree 
the  nature  and  extent  of  the  forces  that  have  operated  here.  They  prove 
that  the  valley  is,  for  the  most  part  at  least,  one  of  erosion.  There  is  a 
narrow  bottom  on  the  west  side  of  the  river,  with  small  gulches  coming 
from  the  hills  in  which  are  quite  extensive  placer-diggings.  Small  log 
huts,  or  miners'  cabins,  are  scattered  here  and  there  among  the  huge 
granite  bowlders,  presenting  a  unique  appearance  from  their  diminutive 
size,  compared  with  the  bowlders  themselves. 

Perhaps  tbe  most  interesting  and  novel  features  of  this  region  are  the 
great  morainal  dei)o.sits,  the  remains  of  ancient  glaciers.  These  proofs 
of  glacial  action  occnr  everywhere  along  both  tiio  east  and  west  sides 
of  the  great  Sa watch  or  Mother  range.  But  up  the  valleys  of  some  of 
the  side  stn^ams  the  morainal  deposits  are  mon^  marked  and  regular 
than  in  others.  The  finest  illustration  occurs  in  the  valley  of  Clear 
Creek,  a  small  stream  that  Hows  into  the  Arkansas  River  from  the 
Sawatch  range,  about  six  or  sexi^n  mills  below  Lake  Creek.  This  little 
stream  rises  high  up  near  the  crest  of  the  range,  in  a  number  of  exca- 
vated amphitheaters,  and  Hows  for  several  miles  through  a  close  canon 
until  it  opens  out  into  the  foot-hills  on  the  east  side  of  the  range.  The 
valley  at  once  expands  to  about  one-fourth  of  a  mile  in  width,  and  at 
the  junction  of  the  creek  with  the  main  river  has  become  three-fourths 
of  a  mile  in  width,  with  a  detrital  ridge  on  either  side  rising  'Mh)  to 
500  feet  above  the  little  creek  that  meanders  through  it.  These 
detrital  ridges  show  the  loose  character  of  the  de])osits  by  their 
rounded  forms,  being  covered  over  with  grass  and  other  vegetation. 
The  question  would  arise,  whether  the  immediate  valley  of  the  stream 
was  originally  filled  up  with  the  glacial  detritus,  or  whether  the  mater- 
ials couq)osing  these  ridges  were  left  on  the  sides  of  this  branch 
of  the  great  Arkansas  glacier  which  must  at  one  time  have  occupie<l 
the  entire  valley.      I  am  inclined  to  think  that  the  valley  throngh 
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which  Clear  Greek  meanders  so  beaatifully  is  a  modem  result,  and  was 
worn  out  of  the  great  detrital  mass  by  water  after  the  close  of  the  true 
Glacial  period.  Between  the  detrital  walls  in  the  valley  are  mounds  or 
ridges  of  the  detritus  that  has  been  brought  down  Clear  Creek  and 
lodged  near  its  mouth.  The  last  glacial  movement  was  checked  by  the 
remnant  of  the  granite  mountain  in  place  at  the  lower  end  of  the  ex- 
pansion, and  as  the  ice  melted  the  ddbria  was  left  behind  in  irregular 
mounds.  Rounded  masses  of  gi*auite  of  immense  size,  100  feet  in 
diameter  lie  scattered  about  the  mouth  of  this  creek,  now  going  to 
decay  by  the  process  of  exfoliation.  Between  Clear  Creek  and  Lake 
Creek  the  slopes  are  rather  smooth,  with  the  granite  rocks  cropping  out 
here  and  there,  but  revealing  the  effects  of  abrasion  in  a  marked  degree. 
The  surface  is  covered  mostly  with  a  thick  deposit  of  the  detrital  mat- 
ter. The  placer-mines  are  very  extensive  over  this  area,  and  the  work- 
ing of  them  in  several  localities  has  exposed  a  glimpse  of  the  old  chan- 
nels worn  deep  into  the  underlying  granites  and  covered  with  the 
bowlder-drift.  If  this  thick  drift-deposit  could  be  stripped  off  it  would 
expose  a  granitic  surface  worn  down  by  the  movements  of  vast  masses 
of  ice  and  snow,  perhaps  grooved  and  scratched,  and  the  entire  area 
cut  through  from  the  mountains  on  either  side  with  the  old  creek-chan- 
nels. We  believe,  also,  that  this  space  between  the  main  river  and  the 
base  of  the  range,  a  width  of  about  six  miles,  has  been  worn  down  from 
an  elevation  but  little,  if  any,  lower  than  the  front  portions  of  the  range 
that  now  remain.  All  the  evidence  points  to  the  existence  here  of 
aqueous  forces  at  a  comparatively  modern  period,  of  which  the  present 
is  but  an  insignificant  remnant. 

On  both  sides  of  the  Arkansas  up  to  its  very  sources  the  drift  phe- 
nomena are  very  remarkable,  but  much  more  extensive  on  the  west  side, 
so  that  there  is  a  slope  from  the  immediate  base  of  the  Sawatch  range 
to  the  river  J  but  the  terraces  and  bowlder-deposits  are  well  shown  on 
both  sides.  On  the  west  side  the  valleys  of  the  mountain-streams  are 
now  much  used  for  the  pasturage  of  large  herds  of  stock  during  the 
summer-season,  the  owners  driving  them  south  into  the  San  Luis  Val- 
ley during  the  winter. 

By  glancing  at  the  map  it  will  be  seen  that  there  are  a  considerable 
number  of  those  little  branches  which  run  high  up  near  the  crest  or 
water-divide  of  the  Sawatch,  cutting  deep  channels  or  gorges  through 
the  mountain-sides,  and  deep  valleys  after  emerging  into  the  slope, 
or  foot-hills.  The  slope,  or  foot-hill,  forms  a  peculiar  belt  from  four  to  six 
miles  in  width  between  the  base  of  the  main  range  and  the  river,  and 
in  a  general  way  slopes  down  to  the  river.  The  difference  in  elevation 
between  the  bed  of  the  Arkansas  and  the  junction  of  the  slope  with  the 
luountain-side  would  vary  somewhat,  but  must  be  1,000  to  1,500  feet. 
Viewing  this  slope  from  the  crest  of  the  Park  range  on  the  opposite 
side  of  the  Arkansas  we  can  see  clearly  the  gorges  and  gorge  like 
walls  of  the  principal  streams  at  intervals  of  a  lew  miles  apart.  Be- 
tween the  main  valleys  the  interval  is  singularly  rolling,  consisting  of 
rather  deep  grassy  valleys,  extending  down  from  the  mountain-sides 
to  the  Arkansas,  while  between  them  are  rounded  ridges,  or  rounded 
oblong  hills,  covered  over  with  dSbris,  In  many  cases  the  abrupt  sides 
are  toward  the  mountains,  and  the  sides  and  summits  are  covered 
with  immense  bowlders,  as  if  the  masses  of  ice  had  lodged  on  them, 
and  melting  had  dropped  their  contents  there.  This  furrowed  condi- 
tion of  the  surface  continues  to  a  greater  or  less  extent  up  to  the  sources 
of  the  Arkansas  in  the  Tennessee  Pass.  The  great  morainal  ridges 
on  the  south  side  of  Lake  Creek  are  as  much  as  500  feet  to  700  feet  high 
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above  the  lakes  or  valley.  For  about  fifteen  miles  the  Arkansas  flows 
through  a  gorge-like  channel,  commencing  about  four  miles  above 
Lake  Creek,  when  there  is  a  moderate  expansion  with  quite  a  broad 
bottom,  and  on  either  side  welldetiued  terraces.  The  terrace  on  the  east 
side  of  the  Arkansas  rises  about  500  feet  above  the  river-bed.  In  a  dry 
gulch  the  horizoutal  strata  of  sandstoue  crop  out,  showing  that  it  is 
composed  of  the  modern  lake-deposit.  On  the  west  side  the  first  ter- 
race rises  40  feet,  the  lower  portions  of  the  second  or  main  terrace  250  feet 
rising  up,  by  a  slope  to  the  mountains,  to  the  height  of  700  feet.  One 
gulch  is  quite  wide,  half  a  mile,  as  it  opens  into  the  valley  of  the  Arkan- 
sas, with  small,  terrace-like  steps  on  either  side.  The  east  fork  of  the 
Arkansiis  also  presents  a  broad,  open  valley  for  some  distance  along  its 
junction  with  the  main  stream.  Passing  up  the  west  branch  we  find  a 
broad,  open,  meadow-like  park,  a  mile  in  width,  with  the  granitoid  rocks 
cropx)ing  out  here  and  there  on  either  side  from  beneath  the  great  accu- 
mulation of  detrital  deposits. 

We  can  see,  therefore,  that  this  entire  valley  of  the  Upper  Arkansas 
was  at  no  very  remote  geological  period,  a  fresh -water  lake,  pivbably 
at  the  close  of  the  glacial  period.  1  am  now  inclined  to  think  that  this 
period  extended  back  further  into  the  past  in  the  Kocky  Mountains  than 
geologists  have  accredited  it  in  other  regions.  It  seems  to  me  that  the 
evidence,  though  not  clear  as  yet,  i)oints  to  the  Pliocene  era  as  its  begin- 
ning, at  least,  and  that  it  extended  pretty  well  toward  the  i)resent 
period.  It  was  evidently  a  period  in  which  powerful  forces  were  in 
operation,  which  carved  out  the  surface-forms  much  as  we  find  them  at 
the  present  time. 


CHAPTER    III. 

BAWATCH  RANGE — MORAINAL  DEPOSITS  OF  TAYLOR'S  CREEK— ELK 

MOUNTAINS,  ETC. 

We  will  now  ascend  the  valley  of  Lake  Creek,  and  wend  our  way 
over  the  great  Sawatcli  range.  Tlie  valley  of  Lake  Creek  is  filled  witii 
the  morainal  deposits  for  which  this  range  is  so  remarkable.  It  would 
seem  that  the  great  glacial  force  moved  here  in  a  direction  a  little 
south  of  east,  inasmuch  as  the  great  mass  of  the  detrital  matter  is 
heaped  up  on  the  south  side.  The  two  lakes  are  about  350  yards 
apart,  with  a  small  stream,  perhaps  20  feet  wide,  flowing  from  one 
to  the  other.  The  interval  is  made  up  of  worn  detrital  matter,  but 
over  it  and  anmnd  both  lakes  are  mounds  or  oblong  ridges  of  the  drift. 
Scattered  over  the  surface  are  masses  of  granite,  coarse  in  texture,  with 
crystals  of  feldspar,  1  and  2  inches  in  dimensions,  aggregated  to- 
gether. Tlie  rock  has  the  appearance  of  a  feldspathic  breccia.  T!ie 
lower  lake  is  about  two  and  a  half  miles  in  length,  and  one  and  a 
half  miles  in  width.  The  upper  lake  is  one  mile  in  length,  and  half 
a  mile   in   width.    The  bases  of  both   these   lakes  are   undoubtedlv 

• 

the  result  of  glacial  action.  The  greatest  depth  found  by  sound- 
ing was  7(5  feet.  The  accompanying  topograi)hical  sketch  of  Mr. 
Gannett,  with  the  soundings  which  were  made  by  Messrs.  Stevenson 
and  Holmes,  will  convey  a  true  idea  of  the  form  of  these  basins.  We 
know  by  the  land  contiguous  to  both  these  lakes  that  they  have  been 
slowly  diminishing  in  area.  Above  the  Upper  Twin  Lake  there  is  a  half- 
mile  in  width  of  boggy  meadow  which  at  no  distant  period  must  have 
been  covered  by  the  lake.    At  the  head  of  the  valley,  or  where  the 
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gorge  begins,  there  is  a  sort  of  natural  bridge.  The  stream  has 
worn  a  narrow  channel  through  the  rocks.  At  the  summit  the  gorge 
is  about  8  feet  wide,  and  in  it  a  huge  bowlder  has  lodged.  The 
stream  rushes  down  its  steep,  narrow,  winding  channel  with  great 
force.  On  the  north  side  there  is  a  huge  bowlder  just  ready  to  topi)le 
oH'  into  the  channel,  which  is  50  feet  in  diameter.  On  the  sides  of 
the  channel  are  several  most  remarkable  rounded  cavities  worn  in 
like  pot-holes,  G  to  10  feet  in  diameter.  One  of  them  occurs  20  feet 
above  the  water-level  of  the  creek  at  the  present  time.  About  100 
feet  above  the  bridge  the  stream  flows  through  a  narrow  gorge  not 
over  -1  feet  wide,  and  the  water  shoots  down  as  in  a  flume  10  or  15  feet, 
j>roducing  a  picturesque  eflect.  In  these  rocks  the  jointage  is  very 
distinctly  defined.  The  dip  of  the  rock  is  north  about  30°,  and  the 
channel  has  been  worn  through  the  rock,  so  that  the  north  side  over- 
hangs the  water,  and  the  water  and  ice,  aided  by  the  jointage,  have 
removed  masses  like  blocks  from  a  quarry.  There  are  two  or  three  sets 
of  master-joints  which  break  the  mass  into  a  multii)licity  of  forms. 
Sometimes  the  broken  portions  are  wedge-shai)ed.  The  rocks  are  a 
coarse,  massive  gi*anite  of  a  gray  color,  with  large  crystals  of  grayish- 
white  feldspar.  The  worn  rocks,  or  roches  moutonnes,  are  most  admira- 
bly shown  everywhere,  and  portions  crop  out  in  the  bottom  of  the  val- 
ley to  indicate  the  force  as  well  at  the  extent  of  the  erosion.  It  is  quite 
l>ossible  that  if  all  the  debris  could  be  stripped  off  the  gorge  and  valley, 
the  grooved  or  scratched  surfaces  would  be  apparent.  On  both  sides 
of  the  gorge  the  worn  rocks  are  seen  to  the  height  of  1,000  to  1,500  feet 
alH>ve  the  bed  of  the  stream.  One  immense  mountain  mass  on  the  north 
side  seems  to  have  resisted  the  eroding  forces,  so  that  from  base  to 
summit,  a  height  of  1,000  feet,  it  is  smooth  like  enamel.  The  vast  gla- 
cier which  must  have  filled  up  the  channel  must  have  been  obstructed 
in  its  slow  downward  movement  by  this  projecting  point  of  the  mountain. 
In  the  side  near  the  base  are  quite  deep,  rounded  cavities,  2  to  4  feet  in 
diameter,  produced  by  the  same  causes  as  the  pot-holes.  About  2  miles 
above  the  falls  there  is  an  extensive  dike  of  trachyte.  It  occurs  in  the 
form  of  a  vein,  6  to  10  feet  wide,  running  about  northeast  and  south- 
west. There  are  many  other  dikes  in  this  gorge,  of  different  sizes, 
and  I  suspect  some  of  them  would  prove  to  belong  to  different  ages  if 
more  closely  studied.  The  great  branch  glacier  of  Lake  Creek  must 
have  been  1,500  feet  or  more  in  thickness.  The  valley  or  gorge  is 
nearly  uniform  in  width,  about  one-fourth  of  a  mile,  and  the  glacier  must 
have  plowed  its  way  along,  paring  off  a  great  thickness  of  the  gneissic 
rocks  on  either  side  and  on  the  bottom,  the  low,  rounded  remnants  of 
which  can  be  seen  cropping  everywhere  from  the  detritus.  The  sides 
of  the  gorge  for  1,000  to  1,500  feet  are  worn  smoothly,  and  in  some 
places  immense  blocks  of  granite  have  been  wrenched  from  their  places 
and  carried  down  the  channel,  so  that  the  sides  look  like  a  quarry. 
The  most  striking  feature  is  the  very  smooth  surlace  of  the  sides  of  the 
gorge  to  so  great  a  height,  like  glass.  About  six  miles  above  Twin 
Lakes,  in  a  straight  line.  Lake  Creek  forks,  one  branch  extending  up 
northwest,  and  the  other  southwest.  Both  separate  again  soon  into  a 
number  of  smaller  branches,  which  end  in  amphitheaters  near  the  crest. 
About  four  miles  up  the  North  Fork  a  remnant  of  the  gneissic  rocks, 
left  in  the  wearing  out  of  the  valley,  has  a  dip  of  50^  N  W.,  with  a  strike 
southwest  and  northeast.  There  are  a  number  of  these  low  ridges 
rising  up  in  various  portions  of  the  valley,  showing  most  clearly  that  the 
entire  gorge  has  been  carved  out  of  the  mountain  mass.  The  dip  of  the 
beds  would  indicate  a  fracture  for  the  water  and  ice  to  commence  their 
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wort,  and,  as  the  gorge  increased  in  size,  the  power  to  excavate  would  be 
increased.  The  crest  of  the  i:?inge  is  covered  with  trachyte  for  miles,  and 
fcom  that  ridge  extend  down  beautifnl  green  valleys  above  timber-line. 
The  sides  as  well  as  the  circuhir  end  of  these  gorges  or  valleys  are  cov- 
ered with  debris  composed  of  the  broken  fragments  of  igneous  or  meta- 
inoridnc  rocks.  All  seem  to  originate  in  the  same  manner,  and  are  con- 
tinned  by  llie  same  forces.  The  igneous  rocks  seem  to  have  flowed  out 
over  the  giieissic  rocks  to  a  considerable  extent,  at  least  500  feet  iu 
thickness,  as  is  shown  in  this  high  mountain-valley,  where  the  sides  are 
nearly  vertical,  and  the  bottom  of  the  valley  here  and  there  reveals  the 
granitic  rocks  upon  which  the  tracliytes  rest.  So,  we  have  in  the  main 
range  the  same  phenomena  rei)eated  that  we  find  in  all  the  southern 
ranges,  viz:  a  granitic  nucleus  or  central  mass,  with  dikes  of  igneous 
rocks  to  a  greater  or  less  extent.  The  movements  that  elevated  these 
great  ranges  seem  to  have  generated  the  heat  that  reduced  the  rocks  in 
certain  ])ortions  of  the  crust  to  a  fluid  condition,  and  they  came  to  the 
surface  in  almost  numberless  places. 

We  will  not  now  discuss  the  history  of  the  glacial  i)eriod  of  the  Ivocky 
Mountains,  but  simply  state,  in  general  terms,  that  the  evidence  seems 
to  point  to  a  time  when  the  Arkansas  Valley  was  tilled  with  one  enor- 
mous glacier,  and  that  extending  from  it,  on  either  side  of  the  gulches, 
were  branches  of  gieater  or  less  magnitude  ;  that  as  the  temperature 
changed  so  that  it  was  gradually  reduced,  and  the  physical  conditions 
approached  those  of  the  present  time,  the  basins  of  the  lakes  were 
scooped  out,  the  morainal  detritus  was  deposited,  and  finally  the  im- 
mense granite  bowlders  were  scattered  over  the  surface.  We  shall 
endeavor  to  sliow  iu  a  sul)se<iuent  chapter  that  this  glacial  period  was 
one  of  great  length,  and  that  the  gradual  transition  from  the  extreme 
glacial  cold  to  the  present  climatic  conditions  was  of  great  duration, 
and  influenced  the  sculpturing  of  the  surface  to  a  very  great  extent. 

Our  trail  over  the  mountains  led  up  the  south  branch  of  Lake  Creek. 
In  many  instances,  these  little  branches  have  cut  narrow  channels  into 
the  solid  rock  30  feet  in  dei)th.  This  must  have  been  done  subsequently 
to  the  melting  away  of  the  glaciers. 

About  four  miles  up  the  valley  the  debris  begins  to  be  made  up  of 
Igneous  rocks  that  have  fallen  down  from  the  high  ridges.  There  are, 
also,  immense  mast^es  of  volcanic  breccia,  very  ccmipac^t,  composed  mostly 
of  granitic  fragments  of  various  sizes,  some  worn  anil  others  angular. 
We  see  again  the  high  crests  capped  with  the  igneous  rocks,  which 
originally  flowe<l  from  fissures  in  the  granite,  and,  as  the  liquid  rock 
was  ejected,  fragments  of  the  contigiums  granitic  rocks  were  worn  oil' 
and  inclosed.  This  fork  also  branches  oil"  to  the  north  toward  Red 
Rock  Pass,  and  the  usual  signs  of  the  wearing  out  of  these  vast  mount- 
ain amphitheaters  can  be  seen.  The  valley,  or  gorge,  here  is  unusu- 
ally broad,  and  yet  the  abrupt  walls  on  either  side  show  its  origin. 
The  ridges  are  all  capped  with  the  igneous  rocks,  and,  in  some  instances, 
they  are  a  brilliant  red.  The  gorge  is  cut  deep  down  into  the  granitic 
rock,  and,  when  it  is  not  concealed  by  dttrital  matter  in  the  bottom  of 
the  valley,  is  worn  smooth. 

We  ascend  the  steep  sides  of  the  divide  lH»tween  the  waters  of  the 
Pacific  and  those  of  the  Atlantic,  by  way  of  Lake  Creek  Pass.  The 
melting  of  the  snow  keeps  the  sides  of  tiie  mountain,  where  covered 
with  loose  earth,  in  a  boggy  condition,  which  impedes  travelintr.  Upon 
the  summit  of  tiie  pass  is  a  little  lake  or  reservoir  for  the  water  from 
the  melting  snows.  On  both  sides  are  high  walls  about  a  fourth  of  a 
mile  ai)art,  between  which  is  located  the  pass.    It  is  not  so  very  much 
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lower  than  the  crests  arouDd,  being  over  12,000  feet  above  sea-level,  and 
2,000  feet  above  our  camp  at  the  forks.  But  the  pass  itself  is  an  illus- 
tration of  the  slow  wearing  away  of  the  crest  between  the  sources  of 
the  streams.  The  summit  of  the  pass  is  very  narrow,  and  on  the  top 
and  sides  are  vast  quantities  of  fragments  of  rocks  fallen  from  the  side- 
walls.  There  is  no  doubt  in  my  mind  that  the  crest  of  the  mountain 
was  at  one  time  continuous,  and  far  greater  than  at  present,  and  that  a 
mass  of  granite  rock  the  width  of  the  pass,  and  500  to  800  feet  high, 
has  been  removed  by  agencies  not  now  in  operation.  Yet  the  slow  j>ro- 
cess  of  the  breaking  down  of  the  sides  still  goes  on  summer  and  winter, 
and  the  debris  forms  one  of  the  remarkable  features  of  this  region.  As 
we  descend  the  west  side  of  the  pass,  we  have  before  us  in  full  view 
one  of  the  most  spacious  and  regular  amphitheaters  we  have  seen,  form- 
ing the  source  of  Morainal  Creek.  It  is  in  the  form  of  a  semicircle, 
with  an  irregular  wall  around  forming  the  mountain-crest.  On  the  west 
side  are  two  mountain-cones  rising  up  13,000  feet  or  upward ;  on  the 
east  side,  a  high  rounded  peak  covered  over  with  debris^  while  the  south 
side  has  been  broken  down  so  as  not  to  be  more  than  300  feet  above 
the  base  of  the  wall.  Vast  quantities  of  the  dibris^  or  talus,  lie  all 
around  the  base  of  the  wall,  while  in  the  center  is  a  forest  of  i)ines. 
We  see,  therefore,  that  although  the  evidence  is  clear  that  these  amphi- 
theaters have  been  carved  out  of  the  massive  granite,  no  forces  are  now 
in  operation  to  carry  away  the  fragments  of  rock  that  are  aiinually 
loosened  from  the  walls  by  water  and  ice,  but  they  gather  on  the  slope, 
forming  a  talus  of  great  magnitude.  We  shall  have  much  to  say,  as  we 
pass  from  point  to  point,  in  regard  to  mountain  sculpture.  We  believe 
that  geologists  have  hardly  realized  as  yet  the  tremendous  degradation 
of  our  high  moautaiu-ranges,  which  has  been  carried  on  during,  or  since, 
the  Tertiary  period. 

We  descend  to  the  west  side  of  the  mountain  to  the  little  creek,  and 
find  ourselves  in  the  midst  of  the  most  striking  examples  of  morainal 
ridges  yet  seen  in  the  West.  These  extend  from  a  point  near  timber- 
line  down  to  the  valley  of  Taylor's  Creek,  a  beautiful  stream  that  occu- 
pies in  part  a  valley  parallel  with  the  Arkansas  on  the  west  side  of  the 
main  range.  I  have  spoken  previously  of  the  anticlinal  structure  of 
this  region.  On  the  west  side  of  the  Sawatch  or  Mother  range  there  is 
an  irregular  parallel  depression,  extending  northward  to  the  Mount  of 
the  noly  Cross,  and  southward  far  down  the  Gunnison  Valley.  Yet  the 
drainage^  is  not  continuous  north  and  south  like  that  of  the  Arkansas. 
The  drainage  tends  toward  the  northwest  in  the  valleys  of  Koaring 
Fork  and  Frying-pan  Creek,  and  to  the  southwest  in  the  valley  of  Gun- 
nison and  its  branches.  While  between  the  waters  of  the  two  systems 
the  divides  are  quite  high  and  almost  impassable,  still  the  inchnation 
of  the  great  mass  of  the  rocks  is  toward  the  west,  in  general  terms,  and 
the  anticlinal  structure  well  illustrated.  The  interval  between  the 
ridges  is  much  more  broken,  and  has  not  been  worn  out  by  one  con- 
tinuous river  like  the  Arkansas. 

The  morainal  deposits  are  J[)est  shown  on  the  west  side  of  the 
Sawatch  range.  Along  the  side  of  the  mountains,  rising  800  to  1,000 
i'eet  above  the  valley  ot  Taylor's  Creek,  is  a  ridge  entirely  covered 
with  the  debris  falling  from  the  summits  of  tlie  range,  and  mo- 
rainal matter.  It  is  most  probable  that  the  granite  rocks  form 
the  nucleus,  but  that  the  ridge  has  been  woni  down  by  glacial  action 
and  covered  over  with  the  miscellaneous  deposits  of  morainal  drift.  The 
ridge  is  quite  rounded  in  form,  coveied  in  many  places  with  pines,  and 
extending  up  on  the  sides  of  the  range  nearly  to  timber-line.    The  second 
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terrace,  as  it  may  be  called,  is  very  irregular,  varying  from  20  to  80  or 
100  feet  above  the  v:mey,  and  is  full  of  irregalar  depressions  like  small 
lake-basins,  but  without  any  apparent  outlet.  Fragments  of  glaciers 
must  have  remained  in  this  place  which  melting  away,  formed  reservoirs 
of  water,  which  finally  dried  np,  the  morainfil  matter  accumulating  all 
around  them.  Sometimes  these  depressions  are  oblong  and  tortuous  like 
the  old  bed' of  a  stream,  and  continue  for  a  mile  or  so,  and  then  close  up 
in  a  sort  of  pock(»t.  The  surface  is  covered  all  over  with  worn  bowlders 
of  granite  of  various  sizes,  sometimes  20  or  30  feet  in  diameter.  When 
streams  have  cut  through  it  so  that  sections  can  be  seen,  which  is  not 
common,  it  appears  to  be  composed  of  rather  fine  earth,  evidently  the 
resalt  of  the  giinding  of  the  granite  ro('ks  by  ice,  and  more  or  less 
rounded  granitic  masses  of  all  sizes  from  a  small  pebble  to  a  mass  of 
many  tons'  weight.  The  position  of  the  morainal  deposits  would  indi- 
cate that  on  the  west  side  of  the  range  also  there  was,  during  the  glacial 
period,  a  vast  mass  of  snow  and  ice  filling  uj)  the  open  valley  and  run- 
ning up  the  gorge  like  valleys  on  either  side.  The  valley  of  Taylor's 
Creek,  which  will  average  a  mile  in  width,  is  covered  over  with  isolated 
morainal  mounds  or  ridges,  never  more  than  50  feet  high.  The  enor- 
mous accumulation  of  the  morainal  matter  on  the  west  side  of  the  range 
would  seem  to  show  that  the  great  body  of  the  glacier  was  there,  though 
extending  far  westward  are  abundant  signs  of  glacial  action. 

We  shall  speak  of  this  subject  again  in  describing  the  Mount  of  the 
H0I3'  Cross  and  its  surrouiulings.  Far  to  the  south,  looking  dowu)  the 
broad,  open  valley  of  the  Gunnison  Kiver,  we  can  see  the  modern  lake- 
deposits  much  eroded  near  the  junction  with  the  Grand  River.  Still 
farther  southward  is  the  Unconipaghre  range  dimly  seen  on  the  horizon. 
To  the  west  is  a  portion  of  the  Elk  range,  with  the  wonderful  mass  of 
red  rock  and  the  great  group  of  sharp  peaks,  which  show  a  remarkable 
chaos  of  strata.  To  tbe  northwest  are  the  sources  of  the  Gunnison,  with 
the  rounded  granite  mountains  which  have  been  so  distinctly  glaciated. 
Here  and  there  the  stratified  rocks  may  be  seen  resting  on  the  granites, 
and  inclining  at  difierent  angles.  To  the  north  is  a  wilderness  of  peaks, 
which  form  the  Sawatch  range,  some  capped  with  igneous  rocks,  others 
projecting  their  rugged,  sharp,  granitic  points  or  crests  high  up  among 
the  snows,  14.000  feet  and  ui)ward.  The  (|uite  irregular  ranges  of 
mountains  on  the  west  side  of  the  Gunnison  show  most  clearly  that  they 
are  subordinate  portions  of  the  great  anticlinal  we  have  been  describing. 
The  abrupt  side  or  face  is  toward  the  east,  while  on  the  west  side  the 
slopes  are  usually  gentle,  and  whenever  the  seiiimentary  beds  occur  they 
incline  toward  the  west.  The  basis  rock  of  the  Gunnison  Valley,  under- 
neath the  great  thickness  of  morainal  detritus,  is  granitic,  resembling 
very  closely  the  granite  ro(;ks  of  Salt  Lake  Valley,  Utah.  The  gray 
granitic  rocks  are  full  of  bhick,  apparently  rounded  masses,  as  seen  in 
Cottonwood  Canon,  which  indicates  that  they  were  originally  (Conglom- 
erates, so  changed  by  metamorphosis  that  only  indistinct  traces  of  the 
included  bowlders  are  now  visible. 

The  irregular  range  west  of  the  Sawatch  is  undoubtedly,  as  I  have 
before  stated,  a  subordinate  portion  of  the  anticlinal  on  the  west  side. 
Fraguu*nts  of  the  great  mass  of  sedimentary  rocks  can  be  found  at  dilier- 
ent  elevations,  especially  on  the  west  side,  though  the  granite  roeks  pre- 
dominate. About  four  miles  np  one  of  the  small  side-valleys  of  Taylor's 
Creek,  to  the  w  est,  wii  find  low  down  in  the  bottom  a  patch  of  massive 
dark-blue  carboniferous  limestone  with  corals  and  stems  of  crinoids. 
Some  of  the  hiyi^rs  are  made  up  of  fragments  of  organic  forms.  The 
whole  is  about  50  feet  in  thickness,  inclining  west  12^.    It  is  simply  a 
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remnant  of  the  great  mass  that  once  extended  over  the  country  from 
the  plains  across  the  Soath  Park,  the  Park  range,  Sawatch,  &c.,  inter- 
rupted, perhaps,  here  and  there.  We  have  already  observed  that  the 
Carboniferous  as  well  as  Silurian  beds  are  omitted  for  one  hundred 
and  fifty  miles  along  the  east  margin  of  the  mountains  north  of  Colorado 
Springs,  Ti^hile  far  north  and  far  south  the  same  rocks  are  well  develope<l 
in  similar  localities.  So  we  may  make  the  general  statement  that  these 
beds  covered  all  this  great  area  prior  to  the  elevation  of  the  ranges. 

As  we  proceed  westward  from  Taylor's  River,  we  enter  a  region  in 
which  the  rocks  have  been  thrown  into  a  greater  state  of  chaos  than  I 
have  ever  observed  anywhere  in  the  West.  There  is  no  doubt  that  the 
original  inclination  was  toward  the  west  from  the  Sawatch  range,  but 
the  great  number  of  dikes  that  intersect  the  crust  in  many  places,  have 
tipped  the  stratified  rocks  in  every  direction,  elevated  them  to  the  sum- 
mits of  the  peaks,  and,  in  many  instances,  completely  i^versed  their 
position,  so  that  we  have  the  oldest  rocks  overlying  those  of  more  mod- 
ern date.  It  is  not  uncommon  to  see  ridges  of  quartzite,  or  limestone, 
standing  vertical,  and,  in  some  instances,  inclining  several  degrees  past 
a  vertical.  To  solve  all  these  problems  well  woiild  require  that  every 
portion  of  the  country  should  be  studied  foot  by  foot,  and  hundreds  of 
detailed  sections  prepared.  Our  plans  would  not  iulmit  of  this  detail, 
and,  therefore,  much  must  remain  obscure  until  we  can  gain  the  time 
to  make  special  studies  of  the  more  difficult  localities.  Besides,  we 
need  better  maps,  which  are  now  in  an  advanced  state  of  preparation. 

It  is  plain,  however,  that  the  sedimentary  beds  are  essentially  the 
same  as  those  of  the  Park  range,  and  that  they  have  been  subjected 
to  greater  overtumings  than  those  of  that  range.  There  is  at  the 
base,  and  resting  on  the  granites,  a  great  thickness,  perhaps  in.  the 
aggregate  2,000  feet,  of  quartzites  and  limestone  in  alternate  strata. 
Above  these  is  a  great  thickness  of  limestones  of  a  more  modern  aspect, 
with  well-known  Carboniferous  fossils  in  them,  and  in  some  localities 
very  abundant  and  well  preserved.  Above  these  comes  a  vast  group 
of  red  sandstones  assuming  a  great  variety  of  textures,  as  well  as  * 
shades  of  color,  at  different  points.  Above  come  in  regular  order  the 
Jurassic  and  Cretaceous  groups.  In  this  district  of  chaotic  overtumings 
we  saw  no  rocks  of  more  modern  age  than  the  Cretaceous,  though  it  is 
quite  probable  that  a  more  extended  exploration  would  have  discovered 
them.  The  main  streams  that  flow  toward  the  west  have  cut  deep 
gorges  directly  through  the  uplifted  ridges,  as  well  as  dikes,  while  the 
side  branches  have  formed  in  many  instances  parallel  valleyj^.  In  all 
cases  the  amount  of  detrital  matter  is  very  great.  Uuge  masses  of 
granite  are  strewn  over  the  surface,  sometimes  in  the  valleys  and  some- 
times on  the  sides  of  the  hills  or  mountains.  The  peak  named  on  the 
map  as  Ita>lian  Peak,  13,255  feet  in  height,  is  an  example  of  the  varie- 
gated colors  of  the  rocks,  due  to  the  flowing  upward  through  the  fissures 
of  the  melted  rocks,  accompanied  with  a  force  that  tilted  the  sedimen- 
tary strata  in  all  directions. 

Leaving  the  valley  of  the  Gunnison,  we  took  a  southwest  course,  up 
a  nearly  dry,  rather  broad,  grassy  valley,  to  the  divide,  and  descended 
again  to  West  Taylor  Creek.  These  little  side- valleys  occasionally 
close  up  for  a  short  distance  in  a  sort  of  gulch  or  canon,  then  suddenly 
expand  out  into  an  open  oval  one,  covered  with  thick  grass  like  a 
meadow.  This  is  a  very  common  form  in  these  mountain-districts,  es- 
pecially where  the  granites  prevail.  Soon  alter  passing  the  divide^  we 
find  the  sedimentary  rocks  cropping  out  everywhere.  In  the  valleys 
there  is  a  great  amount  of  the  superficial  drift,  forming  rounded  hills  or 
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long  ridges,  tbe  surface  being  covered  over  with  fragments  of  limestone, 
sandstone,  and  pudding-stone.  About  four  miles  below  the  divide  the 
little  stream  cuts  through  a  high  ridge.  On  the  south  side  the  ridge  is 
composed  largely  of  laminated  trachyte,  inclining  to  the  northwest  at 
an  angle  of  COo.  While  on  the  north  side  the  rock  is  more  con] pact, 
hard,  and  full  of  masses  of  quartz,  as  if  the  old  granite  had  been  turned 
to  a  somber  gray  by  the  heat  of  the  igneous  rocks ;  this  mass,  which  is 
very  conspicuous  and  rises  800  feet  or  more  above  the  little  stream,  ap- 
pears very  distinctlj'  stratilied,  and  inclines  GO^  noitheast,  while  the 
limestone-beds  dip  northwest  30^  to  00^.  This  is  a  most  complicated 
piece  of  geological  work,  w  hich  would  require  more  time  than  any  of 
the  party  could  devote  to  it  to  work  it  out  in  detail,  though  tbe  report 
of  Dr.  Peale  is  more  complete.  ^Xe  believe  that  the  igneous  rocks  have 
been  pushed  up  from  beneath  the  overlying  quartzites  and  limestones 
in  the  form  of  dikes,  along  a  line  trending  about  northeast  and  south- 
west. The  peculiar  bedding  of  the  trachyte  is  so  regular  that  it  gives 
them  strikingly  the  appearance  of  stratilied  rocks.  There  are  several 
i^idges  nearly  parallel  which  i>resent  somewhat  the  form  of  an  anticlinal, 
the  felstone  porphyries  being  lifted  up  so  that  they  present  their  basset 
edges  opposite  the  outcroi)ping  edges  of  the  limestone  and  <iuartzites ; 
thus  one  side  of  the  anticlinal  is  composed  of  igneous  rocks,  and  the 
opposite  side  of  sedimentary.  Between  the  porphyritic  rocks  and  the 
limestones  there  is  quite  a  wide  interval,  400  or  500  feet,  worn  out  by  the 
action  of  water,  and  covered  with  debris,  but  underneath  are  the  up- 
tuined  edges  of  quartzites,  pudding-stones,  and  sandstones.  Tbe  strike 
of  the  limestones  is  about  southeast,  with  a  dip  northwest  CO^.  The 
limestones  are  150  feet  tbick,  and  filled  with  corals,  Froductus,  and  other 
forms,  wbich  indicate  Carboniferous  age ;  the  whole  standing  up  like  a 
massive  wall  300  feet  high.  On  the  outer  side  of  tbe  wall  comes  400  or 
500  feet  of  soft  sand,  reddish-yellow  and  brown,  with  some  harder  lay- 
ers of  sandstone,  inclining  at  tbe  sanie  angle,  but  worn  down  low,  and 
covered  with  grass.  Then  comes  another  bed  of  trachyte,  with  the 
layers  forming  a  synclinal  with  tbe  Carboniferous  limestones.  Between 
the  two  tracbytic  ridges  deep  side-gorges  are  worn  down  to  the  stream 
that  has  cut  its  channel  tbrougii  all  the  ridges  at  right  angles.  About 
two  miles  farther,  near  tbe  junction  of  the  little  stream  that  tlows  from 
the  foot  (»t'  Italian  Peak,  on  tbe  east  side,  the  reddish  sandstones  occur 
with  layers  of  a  coarse  conglomerate,  made  up  of  well-worn  pebbles  of 
limestoiie  and  (piartzites,  much  like  tbe  conglomerate  seen  near  Mount 
Garfield,  in  Montana.  I  think  there  is  here  an  example  of  a  great  I'ault, 
where  tin*  old  Silurian  <piartzites  and  limestones  have  been  lil'led  by  a 
force  acting  vertically,  so  that  the  strata  are  horizontal,  while  the 
younger  beds,  Carboniferous  and  Triassic,  are  inclined  from  tlie  west 
side  at  an  angle  00^  to  80^.  Tbe  valley'  is  full  of  detrital  matter,  and  at 
one  point  tbe  stream  cuts  through  a  sort  of  moraine,  showing  a  section 
of  GO  feet  on  either  side  composed  of  gravel  and  huge  bowlders  much 
worn,  while  high  up  on  tbe  sides  of  the  hills  bordering  the  valley  this 
drift  conceals  to  a  great  extent  tbe  basis-rocks.  Tbe  rather  rounded 
wooded  ridge  on  the  west  side  of  the  branch  is  covered  with  tbe  dcbna 
of  the  trachyte,  wbich  shows  that  the  dikes  penetrated  tbe  crust 
everywhere.  The  sedimentary  rocks  crop  out  here  and  tbere,  so  that 
we  can  infer  their  existence.  Sometimes  only  the  quartzites  are  left, 
and  the  igneous  material  has  been  poured  over  them ;  again,  on  the 
Carbon il'erous  limestones,  or  tbe  red  sandstones  of  the  Triassic,  or  even 
the  blaek  clays  of  the  Cretaceous.  All  these  formations  crop  out  fiom 
beneath  tbe  trachytes  in  tbe  vicinity. 


60        GEOLOGICAL  SURVEY  OP  THE  TERRITORIES. 

We  passed  np  the  valley  of  a  small  stream  that  flows  southward  from 
Italian  Peak.  This  peak  is  literally  filled  with  dikes,  which  have  so 
changed  the  contiguous  rocks  that  they  present  a  great  variety  of  struc- 
ture and  coh)r,  and  hence  the  name.  Indeed,  the  peak  itself  is  the 
result  of  pressure  of  the  igneous  matter  from  beneath.  On  the  north- 
east  side  the  great  mass  has  been  pushed  up  1,500  feet,  so  that  on 
the  south  side  the  unchanged  quartzites,  rusty  brown  and  gray,  stand 
vertical,  and  in  some  instances  35^  nasi  a  vertical.  The  stratified 
quartzites  are  full  of  seams  of  crystalline  quartz  witli  what  ap|>ears 
to  be  silver  ore.  The  upthrust  of  the  igneous  rock  has  i)roduced  great 
chaos  in  the  beds.  Above  this  lociility  on  the  peak  there  is  a  fault  in 
which  the  entire  group  of  Silurian  strata  is  thrown  ofl'  from  the  dike  so 
that  one  portion  is  separated  from  another  and  is  lifted  np  vertically 
1,000  feet  above  the  original  point  of  junction.  In  this  district  of  igneous 
uplifts  the  faults  are  very  numerons  and  striking.  Thrust  in  between 
the  strata  are  irregular  layers  of  the  trachyte,  varying  from  a  foot  to 
several  feet  in  thickness,  and  extending  horizontally  souietinies  several 
hundred  feet,  thinning  out  at  each  end.  One  of  these  intrusions  ex- 
panded to  a  thickness  of  40  feet  on  the  east  side  of  the  peak.  From 
this  peak  we  have  a  most  remarkably  extended  view  on  every  side.  To 
the  south  is  the  East  Fork  of  the  Gunnison  with  the  red  and  yellow  beds 
in  the  foreground,  and  far  distant  the  older  rocks  are  thrown  up  at 
various  elevations,  apparently  local  uplifts.  To  the  west  is  a  vast  group 
of  sharp,  jagged  i)eaks  and  crests,  saw- like,  with  stratified  cone-shaped 
pyramids;  some  red,  others  dark  ashen-brown,  or  maroon-color.  All 
the  rocks,  as  far  as  the  eye  can  reach,  appear  to  be  stratified,  though 
inclining  in  various  directions.  The  general  level  of  the  summits  of  the 
peaks  is  upward  of  13,000  and  perhaps  14,000  feet.  To  the  east  we  see  with 
great  distinctness  the  valley  of  Upper  Gunnison  with  the  Sawatch  range 
beyond,  and  on  the  west  of  the  range  the  ridges  of  stratified  rocks  in- 
clining from  it.  These  extended  views  from  the  summits  of  the  highest 
peaks  enable  us  to  generalize  to  some  extent  the  local  details  that  we 
have  already  worked  out.  We  see  thousands  of  feet  in  thickness  of 
stratified  rocks,  tilted  in  every  direction  by  a  greut  number  of  local  up- 
thrusts  of  the  igneous  rocks,  so  that  we  see  strata  of  different  ages  some- 
times on  the  summits  of  the  highest  peaks,  over  14,000  feet  above  the 
seii.  And  again,  in  the  lowest  valleys  we  have  a  thick  group  of  Silurian 
strata,  quartzites  and  limestones,  then  above  them  a  group  of  Carbon- 
iferous beds,  then  the  red  or  Triassic,  and  in  some  instances  the  Cre- 
taceous; but  the  latter  are  seldom  seen  on  the  high  mountain-ranges. 
As  near  as  we  could  estimate,  there  are  near  this  peak  2,000  ieet  or  more 
of  Silurian  quartzites  and  impure  limestones ;  1,500  to  2,000  feet  of  lime- 
stones and  shales  of  Carboniferous  age. 

From  the  Italian  Peak  we  descended  the  valley  of  the  little  stream 
that  flows  from  its  south  base  and  runs  southward  into  a  branch  of  the 
Gunnison.  On  the  west  side  of  the  valley,  or  gorge,  a  wall  of  quartz- 
ites rises  up  nearly  vertical  2,000  feet.  This  valley  presents  an  example 
of  a  synchnal  in  which  the  shales  sire  most  chaotically  crushed  together. 
The  quartzites  incline  from  each  side  of  the  valley  or  gorge.  Dikes 
of  trachyte  pass  across  the  strata  from  east  to  west,  sometimes  disturb- 
ing tiie  beds  so  that  they  incline  north  and  south,  and  again  the  dikes 
are  seen  without  any  disturbance  of  the  contiguous  rocks.  Quite  abun- 
dant fossils  were  found  in  the  Carboniferous  limestones ;  among  them 
Athyrus  suhtilita,  Prodxictus^  corals,  crinoids,  &c. 

As  we  continue  toward  the  west  the  red  or  Triassic  beds  in  full  devel- 
opment cover  the  surface  as  far  as  the  eye  can  reach,  interrupted  only 
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in  restricted  localities  by  the  outflow  of  igneous  matter.  Between  East 
Fork  and  the  next  branch  a  loug  ridge  ruus  nearly  west  down  toward 
the  Gunnison  1,200  to  1,500  feet  above  the  stream.  On  the  north  bide 
of  the  valley  of  the  east  branch  the  dip  is  variable  from  lOo  to  30^, 
and  trending  toward  the  west  and  northwest.  There  is  really  here 
a  broad  slope  extending  from  Italian  Peak  to  Teocolli,  where  the  little 
streams  have  carved  out  deep  gorges  through  the  red  sandstones  and 
pudding-stones.  The  aggregate  thickness  here  cannot  be  less  than 
2,500  feet,  and  it  may  be  much  more.  The  valleys  or  gorges  have  all 
been  formed  by  erosion,  and  from  margin  to  margin  they  are  usually 
about  a  mile  in  width,  sloping  down  more  or  less  abruptly  to  the  bottom, 
where  the  immediate  valley  varies  from  100  yards  to  one-fourth  of  a  mile 
in  width. 

The  texture  of  these  red  beds  is  very  variable.  Conglomerates  vary- 
ing from  a  fine  pudding-stone  to  a  coarse  aggregate  occur  all  through 
the  mass,  but  are  not  continuous.  The  entire  group  indicates  deposition 
in  disturbed  waters.  In  tracing  a  bed  horizontally  sometimes  it  will 
thicken  to  a  massive  fine  sandstone,  then  gradually  thin  out,  and  in  its 
place  soft,  yielding  shales  appear.  Sometimes  a  bed  will  be  a  coarse 
conglomerate,  and  in  a  short  distance  it  will  change  into  a  fine  sand- 
stone or  even  soft  sand  loosely  held  together.  The  irregular  laminae  of 
deposition  and  wave-marks  are  shown  everywhere  also,  and  the  signs 
of  quiet  waters  are  local  and  of  comparatively  short  duration.  The  map, 
when  completed,  will  show  a  water-divide  between  the  branches  of  the 
Gunnison  and  those  of  the  Blue,  trending  about  northwest  and  south- 
east, with  Italian  Peak  at  the  southeast  end,  with  Castle,  3Iaroon,  and 
Black  Pyramid  along  the  line,  and  ending  in  Sopris  Peak.  The 
numerous  liltle  branches  will  be  seen  extending  down  from  this  crest, 
uniting  to  form  the  larger  streams  on  either  side.  All  these  little 
branches  ri^e  in  broad  amphitheaters  which  have  been  produced 
for  the  most  part  by  erosion  or  the  slow  process  of  wearing  out  in  a 
more  or  less  circular  or  semicircular  form  by  water  and  ice. 
These  amx^hithoaters  are  numberless  and  occur  on  both  sides  of 
the  crest.  In  many  places  the  wearing  out  of  the  amphitheaters 
on  both  sides  has  been  such  as  to  remove  hundreds  of  feet  of  the  crest, 
thus  forming  a  pass  of  greater  or  less  elevation.  In  these  amphithea- 
ters vast  bodies  of  snow  accumulate  during  the  winter,  a  portion  of 
which,  in  many  instances,  remains  all  the  season.  In  the  spring  the 
process  of  thawing  and  freezing  commences,  and  the  slow  breaking  down 
of  the  amphitheater  walls  is  continued.  Thousands  of  little  streams  are 
formed  by  the  melting  of  the  snow,  and  the  water  flows  down  to  join 
the  main  streams. 

All  these  great  ranges  of  mountains  are  full  of  fissures,  which,  running 
in  various  directions,  break  up  the  entire  ma^s.  We  can  find  these 
openings  full  of  ice  at  almost  any  season  of  the  year,  and  the  well-known 
power  of  ice  by  expansion  need  not  be  stated  here.  This  action  will 
account  for  the  vast  quantities  of  debris  all  over  the  sides  and  sum- 
mits of  our  mountain-ranges.  The  more  prominent  the  range  of 
mountains  the  more  conspicuous  is  this  feature,  and  the  debris 
becomes  most  noticeable  among  all  the  great  ranges  of  Colorado, 
as  well  as  Montana.  The  Sawatch,  Park,  and  Elk  ranges  are  excellent 
illustrations  of  what  I  have  attempted  to  describe  above.  From  the 
crest  or  divide  between  the  branches  of  the  Gunnison  and  the  Blue 
Eivera,  the  little  branches  have  carved  out  deep  valleys  or  gorges,  nar- 
row or  wide,  dei)ending  much  upon  the  texture  of  the  rocks  through 
which  the  stream  has  cut  its  way.    Many  of  these  valleys  are  covered 
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"With  thick  grass  far  up  on  the  sides,  and  even  on  the  ridges  between  the 
streams,  so  that  as  a  grazing  region  it  must  be  excellent.  At  a  period 
not  far  distant,  this  portion  of  Colorado  must  be  settled  to  some  extent 
by  a  pastoral  people. 

>Ye  find,  therefore,  that  from  this  crest  or  divide  two  great  plateaus 
descend  in  opposite  directions,  forming,  in  the  aggregate,  a  huge  anti- 
clinal, cut  deeply  by  the  numerous  streams  that  rise  on  the  divide.  This 
incl  ination ,  on  the  one  side  to  the  south  or  south  west,  and  on  the  other  to  the 
north  or  northwest,  is  interrupted  here  and  there  l)y  dikes  of  more  mod- 
ern origin  probably  than  the  granite  nucleus  of  the  crest.  Sometimes 
these  dikes  disturb  the  sedimentary  beds,  reversing  their  dip  or  produc- 
ing great  faults,  and  again  they  penetrate  some  fissures  without  chang- 
ing their  position.  In  the  red  sandstones  that  wall  in  the  valley  of  the 
little  branch  just  east  of  Teocalli  Creek  is  a  very  interesting  dike  of  the 
gray  igneous  granite,  with  a  strike  about  northeast  and  southwest.  It 
passes  across  a  little  fork  just  at  its  junction  with  the  main  branch,  and  is 
most  distinctly  seen  at  the  summit  of  the  wall  on  the  west  side.  The  ig- 
neous matter  seems  to  have  flowed  up  through  the  fissure  without  disturb- 
ing the  contiguous  strataof  Triassic  sandstone,  which  are  nearly  horizon- 
tal, and  therefore  there  could  not  have  been  a  great  display  of  force.  It  is 
probable  that  the  origin  of  this  dike  is  synchronous  with  the  main 
nucleus,  for  the  materials  are  apparently  the  same.  As  the  little  mount- 
ain-stream flows  across  the  dike  its  greater  hardness  has  formed  a  beau- 
tiful cascade.  We  might  dwell  long  on  the  great  varieties  of  beautiful 
forms  which  the  cr3\stal  mountain- water  assumes  as  it  flows  down  the 
rugged  gorges.  A  dike  about  50  feet  wide  passing  across  the  channel, 
the  greater  local  hardness  of  the  sedimentary  rocks,  or  a  reverse  uplift, 
will  produce  cascades  of  remarkable  beauty. 

Mr.  Jackson,  the  photographer  of  the  survey,  has  preserved  a  number 
of  scenes  from  this  region,  and  in  each  one  of  these  almost  numberless 
gorges  that  extend  from  the  mountain-crest  far  down  to  the  Green  and 
Colorado  Kivers,  two  hundred  miles  or  more,  there  could  be  found 
many  of  these  charming  water- falls.  Scenes  of  great  beauty  meet  the 
eye  at  every  step,  and  yet  the  area  is  so  large  that  we  must  have  left 
unseen  by  any  member  of  the  party  views  of  even  greater  beauty  and 
value.  It  is  probable,  however,  that  our  determinations  of  the  geologi- 
cal structure  of  the  country  passed  over  are  substantially  correct. 

A  great  portion  of  the  surface  is  covered  with  a  thick  forest  of  pines. 
In  the  autumn  the  fires  not  unfrequently  sweep  through  these  forests, 
destroying  their  vitality,  and  soon  the  winds  [irostrate  them  in  every 
direction,  forming  a  net-work  over  which  it  seems  almost  impossible  for 
our  animals  to  pass.  These  difficulties  are  met  with  in  the  mountainous 
portions  of  the  West ;  and  in  Montana,  1871  and  1872,  our  work  was 
very  much  impeded,  and  in  many  cases  arrested,  by  the  intricate  masses 
of  fallen  timber.  The  Elk  Mountains  are  not  more  difficult  of  explora- 
tion on  that  account  than  the  Sawatch  range.  In  our  description  of  the 
Mountain  of  the  Holy  Cross  we  shall  allude  to  this  fallen  timber  again. 
It  is  difficult  for  any  one  not  familiar  with  this  country  to  comprehend 
how  important  an  element  of  hinderance  this  is  in  making  a  detailed 
exploration  of  the  country.  Very  freqtiently  we  are  obliged  to  cut  our 
path  through  the  logs  for  great  distances,  making  only  a  few  miles  a  day. 

At  the  head  of  Teocalli  Creek  is  a  high  mountain-peak  which  we 
named  Whiterock,  from  the  fact  that  a  seam  of  white  or  light  gray 
igneous  rock,  GO  feet  wide,  passes  through  the  middle  of  the  summit 
vertically.  The  material  is  quite  soft,  disintegrating  into  moderately 
coarse  sand.    The  rocks  composing  the  mountain  are  quit<i  varied  in 


HATDRx.)  GEOLOGY — ELK   MOUNTAINS.  63 

texture,  though  all  evidently  of  igneous  origin.  The  jointagc  ia  in  many 
cases  vertical,  separating  the  mass  into  blocks  varying  in  size  from  a 
few  inches  to  2  or  3  feet  cube.  This  vertical  jointage  gives  a  sort 
of  columnar  appearance  to  the  sides  of  the  peak  in  the  distance. 
The  sides  are  also  deeply  furrowed.  There  are  three  sets  of  master- 
joints,  with  a  multitude  of  smaller  ones.  The  consequence  is  that  the 
sides  of  the  mountain  and  the  several  amphitheaters  are  covered  with 
immense  quantities  of  debris.  The  whole  mass  is  filled  with  water 
and  ice  during  the  winter,  and  in  the  sjiring,  Jia  the  ice  and  snow  melt, 
it  moves  down  the  declivities  slowly,  like  a  glacier.  Sometimes  ca\itiea 
or  reservoirs  are  made,  and  th^  melted  snows  form  beautiful  little  lakes. 
From  the  summit  of  Whiterock  Mountain,  which  rises  13,503  feet 
above  sea-level,  the  eye  sweeps  over  a  scene  of  apparent  chaos  on  every 
side.  There  is  a  wilderness  of  high  peaks  with  deep  gorges  extending 
out  in  every  direction,  2,000  to  3,000  feet  deep.  The  entire  range  is 
composed  of  what  may  be  called  upthrusts  of  igneous  granite ;  that  is, 
the  granite  is  thrown  up  most  irregularly,  at  various  elevations,  from 
beneath  the  overlying  sedimentary  beds;  sometimes  carrying  i)ortion8 
to  the  summits,  or  tilting  them  from  the  sides  at  various  angles,  or  leav- 
ing them  2,000  or  3,000  feet  below.  While  there  are  numerous  i)oints 
of  upthrow  in  this  region,  there  seem  to  be  a  number  of  foci  of  greatest 
I>ower.  The  Snow  jVIass  group  and  Whiterock  Peak  may  be  regarded 
as  illustrations  of  tremendous  upward  force.  From  the  summit  of  White- 
rock Peak  the  deep  gorges  with  nearly  vertical  walls  for  2,000  or  3,000 
feet  in  depth,  showing  sections  of  the  rocks  as  perfect  as  if  cut  down  by 
human  agency,  can  be  seen  on  every  side.  We  can  see  the  junction  of 
the  stratified  sedimentary  beds  with  the  granitic  core.  The  variety  of 
coloring  to  these  groups  is  due  to  the  different  degrees  of  heat  to  which 
they  have  been  subjected.  The  lowest  group  of  sedimentary'  beds, 
although  exhibiting  all  the  stages  of  metamorphism,  is  usually  of  a 
yellowish^browu  color,  and  made  up  of  quartzites  and  impure  lime- 
stones. I  regard  them  as  of  Silurian  age,  and  most  prol)al>ly  Lower 
Silurian  ;  500  to  800  feet  are  shown  in  this  vicinity,  but  the  aggregate 
thickness  must  be  much  greater.  Then  above  this  group  there  is  a 
series  of  maroon  or  deep  i)urplish-brown  sandstones,  quartzites,  and  con- 
glomerates. These  vary  much  in  color,  from  a  light  brick-red  to  a 
purplish-brown  or  maroon  color.  They  reach  a  thickness  of  at  least 
1,500  feet,  and  i)robal)ly  more.  This  group  is  probably  of  carbonif- 
erous age.  It  may  be  found  capping  the  highest  peaks  of  Elk  Moun- 
tains, over  14,000  feet  above  sea-level,  and  is  weathered  into  unique 
forms  of  cones,  pyramids,  &c.  The  third  series  is  a  bright  brick- 
red,  and  is  probably  of  Triassic  age.  No  one  has,  as  yet,  found 
any  organic  remains  in  any  of  these  beds,  and  therefore  we  can  only 
express  a  belief  in  regard  to  their  age,  strengthened  by  observations  in 
adjacent  portions  of  the  district.  From  the  summit  of  Whiterock 
Mountain  the  view  on  every  side  is  most  remarkable,  presenting  the 
a8i)ect  of  chaos,  as  if  the  entire  group  of  stratified  rocks,  which  origi- 
nally covered  the  area  now  occupied  by  the  Elk  Mountains,  had  rested 
on  a  vast  pasty  mass  of  the  granite,  but  which,  by  forces  generated  in 
this  pasty  mass,  had  been  lifted  up  and  tossed,  as  it  were,  in  every  direc- 
tion. The  faults  are  very  numerous  and  of  huge  dimensions.  Some- 
times a  group  of  strata  is  broken  off,  so  that  one  portion  is  from  100 
feet  to  2,000  feet  above  the  other  portion.  Sometimes  1,000  to  2,000 
feet  will  be  elevated  by  a  force  acting  verj^  nearly  vertically,  so  that 
some  of  the  loftiest  peaks,  as  Maroon  Peak,  14,000  feet ;  Black  Pyramid, 
13,000,  and  many  others  nearly  as  high,  are  comi)Osed  entirely  of  strati- 
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£ed  rocks  inclining  at  small  angles.  Again,  the  beds  are  tipped  off 
from  the  granite  core  at  all  angles  from  1(P  to  a  vertical,  and  not  unfre- 
quently  past  a  vertical,  and  there  are  in  the  Elk  range  the  most  won- 
derful instances  of  the  complete  overturning  of  immense  groups  of  beds, 
so  that  for  several  miles  there  is  a  double  series,  from  the  Silurian  up  to 
the  Cretaceous,  inclusive,  and  then  rising  upward  in  inverse  order,  as  is 
shown  at  the  head' of  East  Biver  and  near  Snow  Mass  Peak. 

Again,  the  two  forces,  one  vertical  and  the  other  tangential,  seem  to 
rhave  acted  at  the  same  time,  throwing  1,000  feet  or  more  of  older 
strata  directly  over  rocks  of  more  recent  age.  The  complications  are 
80  great  in  the  Elk  Mountains  that  we  oould  only  make  a  preliminary 
surv^ey,  and  a  special  study  must  be  made  of  this  entire  range.  This 
we  propose  to  do  the  coming  season. 

By  looking  at  the  map  of  Elk  Mountains  it  will  be  seen  that  several 
streams  have  their  sources  in  the  Whiterock  Peak.  The  little  branch 
that  rises  at  the  north  side  and  flows  around  to  the  southward  has 
already  excavated  its  amphitheater  back  nearly  a  mile,  while  the  granite 
faere  is  rounded  or  smoothed  as  if  by  the  movements  of  masses  of  ice, 
though  much  of  the  erosion  must  have  been  performed  by  the  movements 
of  vast  masses  of  loose  earth  and  debris.  From  the  real  base  of  the 
mountain  one  can  follow  up  this  gulch  for  several  miles,  rising,  as  it 
were,  step  by  step,  on  a  series  of  irregular  terraces,  which  are  the  result 
of  these  accumulations  of  (Ubris,  In  this  instance,  the  difference  of 
elevation  of  the  real  base  of  the  peak  and  the  immediate  foot  ot  the 
crest  is  at  least  2,000  feet,  and  the  width  from  a  fourth  to  a  half  a  mile, 
so  that  one  can  arrive  at  a  moderate  estimate  of  the  tremendous  work  of 
erosion  which  has  been  performed  here.  At  the  head  of  this  amphitheater 
the  crest  is  so  narrow  that  it  was  with  extreme  difficulty  that  we  could 
creep  along  it,  and  we  could  look  down  on  every  side  into  similar  exca- 
vations. These  mountain-ranges,  of  which  the  high  peaks  now  form 
the  conspicuous  features,  were  originally  of  considerable  widtfc,  varying 
from  half  a  mile  to  several  miles,  but  now  the  crest  or  divide  may  be 
represented  on  the  map  as  a  zigzag  line ;  the  sources  of  the  little  streams 
running  not  unfrequently  from  them,  having  already  removed  this  crest 
for  a  little  distance,  thus  forming  a  kind  of  low  pass.  The  sides  or 
walls  of  these  gulches  are  usually  very  steep,  in  many  cases  vertical, 
but  when  the  upper  portions  are  composed  of  the  easily  disintegrating 
sandstone,  the  vegetation,  of  a  most  vivid  green  color,  has  crept  high  up 
on  the  sides,  and  the  upper  border  is  composed  of  a  series  of  tongue  like 
points,  which  give  to  the  picture  a  unique  appearance.  It  would  appear 
as  if  the  giass  had  struggled  ineffectually  to  scale  the  sides  of  the  gulch 
to  the  very  crest.  In  some  instances  these  little  tongues  or  points  do 
extend  20  to  50  feet  above  the  main  mass  below.  The  melting  of  the 
snow  forms  little  furrows  down  the  steep  sides,  and  between  them  are 
the  sharp  points  or  tongues  of  vivid  green  vegetation. 

Ascending  the  valley  of  East  Creek  near  its  source,  we  pass  over  the 
sands  and  clays  of  the  Cretaceous  group,  containing  a  few  characteristic 
fossils,  as  tlie  Baculitcs  ovattis,  and  several  species  of  Inoceramus.  As 
we  proceed  west  and  northwest  the  Cretaceous  rocks  increase  in  thick- 
ness and  extent.  The  valley  of  the  East  Fork,  as  we  see  it  near  Gothic 
.Peak,  is  a  kind  of  monoclinal,  the  rocks  apparently  inclining  in  the 
same  direction,  the  west  side  being  abrupt,  while  the  east  side  has  a 
steep  slope.  Gothic  Mountain  is  composed  of  a  vast  mass  of  igneous 
granite  projected  up  thiough  the  superincumbent  beds  of  stratified  rocks, 
perhaps  raising  them  to  a  greater  or  less  extent,  but  apparently  not 
changing  the  horizontal  portion  of  the  Cretaceous  beds,  which  are  all 
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the  sedimentary  rocks  that  are  visible  around  the  base.    There  are  the 
black  shaly  clays  which  occur  above  the  Dakota  group,  and  whenever 
they  are  in  contoct  with  the  granite  core,  they  are  metamorphosed  into 
slates.     Debris  covered  with  vegetation  conceals  the  slates  below  the 
igneous  core  for  the  most  part,  but  on  the  steep  sides  a  considerable  area 
is  exposed  here  and  there,  and,  so  far  as  we  can  see,  the  disturbance  has 
not  been  great.    Just  on  the  opposite  side  of  the  stream  a  bed  of  blue 
limestone  rises  up  from  beneath  the  black  shales  filled  with  InoceramuSj 
probably  of  the  age  of  No.  3.    This  limeston^  is  partially  changed  by 
heat.    A  little  below  the  Gothic  Mountain  the  stream  cuts  a  gorge 
through  this  limestone,  with  walls  30  to  50  feet  on  either  side,  quite 
con) pact,  and  resembling  mason- work.    Tlie  black  clays  of  the  Creta- 
ceous extend  up  Gothic  Peak  more  than  half-way  above  the  bed  of 
the  stream,  1,000  feet  or  more.    Near  the  top  of  the  shales  there  is  a 
band  of  trachyte  which  extends  through  the  peak,  along  the  side  of 
the  ridge,  to  the  sources  of  East  Fork,  several  miles  above  the  peak.   It 
is  undoubtedly  a  dike  separated  from  the  main  mass  of  the  peak  by  a 
band  of  shales.    As  it  appears  to  one  ascending  the  valley,  it  seems  like 
a  rocky  stratum  of  irregular  thickness  interstratitied  with  the  black 
shales.    The  valley  is  in  part  one  of  erosion.    From  margin  to  margin 
it  varies  from  one  to  two  miles  in  width.    At  the  tipper  end  the  stream 
separates,  one  branch  extending  uj)  into  the  ridge  on  the  east  side,  and 
the  other  cutting  its  way  through  the  cross-ridge  that  separates  the 
East  Fork  Valley  from  the  branches  of  Rock  Creek.    The  west  branch 
cuts  through  the  cross- ridge  of  which  Belle vue  Peak  is  the  prominent 
point.    At  the  summit  of  the  divide,  which  is  full  800  feet  below  the 
summit  of  the  ridge,  there  is  a  beautiful  green  lake  fed  by  the  melting 
of  the  snows ;  'and  it  would  be  easy  to  believe  that  in  seasons  of  high 
water  the  little  lake  drained  both  ridges  into  Rock  Creek  north,  and 
into  East  River  south.    This  might  be  given  as  a  well-marked  example 
of  a  two  ocean  lake  if  it  were  situated  on  the  main  Rocky  Mountain 
divide.    On  the  east  side  of  the  source  of  East  River  are  the  red  beds 
in  their  full  development,  and  on  the  summit  the  quartzites,  yellow, 
drab,  and  brown,  varying  in  intensity,  depending  upon  the  amount  of 
heat  to  which  they  have  been  subjected.    The  crossridge  which  sepa- 
rates the?  drainage  of  East  River  from  Rock  Creek  trends  about  east  and 
west.     We  pass  over  this  ridge  and  descend  into  a  deep  gorge-like 
valley,  with  its  side-galches  cutting  deep  through  the  ridges.    This 
cross  ridge  shows  a  complete  subversal  of  the  sedimentary  group  from 
the  quartzites  to  the  Cretaceous  inclusive.    Bellevue  Peak  is  made  up 
of  two  sets  of  Cretaceous  beds,  the  upper  series  being  reversed,  so  that 
the  lowest  portion  caps  the  summit  of  the  peak.    This  peak  is  literally 
riddled  with  dilfus  that  have  changed  the  shales  into  slates.    This  cross- 
ridge is  a  part  of  a  long  ridge  of  overturned  strata  with  a  trend  west  to 
north  ten  to  fifteen  miles  in  length,  extending  to  Snow  Mass  Mountain. 
Dikes  of  trachyte  project  from  the  sides  of  the  ridges  at  difl'erent  eleva- 
tions, varying  from  a  few  feet  to  over  100  feet  or  more,  and  resembling 
in  the  distance  massive  beds  of  gray  sandstone  interstratified  with  the 
shales  and  clays  of  the  sedimentary  group.     Uere  and  there  these  dikes 
are  nearly  vertical,  or  incline  at  a  liigh  angle  hi  the  side  of  the  ridge. 

From  liellvue  Peak  we  followed  a  trail  on  the  east  side  of  Rock  Creek 
Gulch,  just  below  the  summit  of  the  ridge.  The  sides  and  bottom  of 
the  valley  were  composed  of  the  Cretaceous  clays  with  the  beds  of  lime- 
stone containing  characteristic  fossils.  As  we  ascend  the  ridge  we  find 
the  entire  Dakota  group  overlaid  by  the  Triassic,  passing  up  into  red 
beds,  showing  most  clearly  that  for  ten  to  fifteen  miles  the  great  mass 
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or  aggregate  of  the  sedimentary  strata  has  been  completely  overturned. 
A  careful,  detailed  study  of  this  interesting  loc«nlity  would  show  very 
many  instances  of  this  overturning  of  the  beds  as  well  as  faults  of  the 
most  remarkable  character.  From  Bellevue  Peak  we  started  for  the  Snow 
Mass  range  in  a  northwest  direction.  The  dikes  in  the  Oetaeeous  strata 
were  very  numerous.  The  igneous  matter  seems  to  have  been  forced 
up  through  fissures  in  the  rocks  which  were  produced  by  the  uplift.  On 
the  west  side  of  our  trail  the  little  stream  which  has  worn  out  the  deep 
canon  and  forms  the  south  branch  of  Kock  Creek  prestMits  in  the  walls 
a  wonderful  display  of  the  beds  inclining  about  southwest  5^  to  1(P. 
The  strata  here  indicate  in  a  marked  degree  two  primary  movements, 
the  vertical  and  tangential.  The  summits  of  the  ridges  on  the  west  side 
of  the  high  mountain-ridges,  at  least  13,000  feet  above  sea-level,  are 
capped  with  the  black  clays  and  quartzitic  sandstones  of  the  Cretaceous 
group,  while  underneath  are  the  variegated  sandstones  and  quartzites, 
more  or  less  changed  by  heat.  These  rocks  present  every  degree  of 
change  to  the  most  compact  quartzites  or  slates.  The  whole  must  have 
rested  upon  a  viscous  mass,  and  by  strange  manifestations  of  the  force  the 
superincumbent  strata  have  been  tipped  in  every  direction,  and  through 
the  fractures  thus  formed  was  squeezed,  as  it  were,  the  melted  granite, 
forming  the  numerous  dikes  which  occur  everywhere  and  of  every  pos- 
sible form  and  size.  Sometimes  an  aggregate  nmss  of  several  hundred 
feet  of  well  defined  strata  is  bent  in  graceful  curves.  These  examples 
of  flexure  are  very  numerous,  and  vary  from  a  slight  bend  to  an  arc  of 
a  circle.  The  gorges  which  are  cut  deep  down  into  tlie  sides  of  tJiese 
ridges  display  the  flexure  as  well  as  the  faults  and  dikes  in  a  remark- 
ably clefir  manner.  The  variegated  color  of  the  beds  adds  greatly  to 
the  picturesque  beauty  of  the  scenery. 

The  Snow  Mass  range  presents  one  of  the  most  marked  exami)les  of 
tlie  complete  subversion  of  the  strata  by  the  elevation  of  the  gr(^at  group 
•of  granite  peaks  which  form  the  core  of  that  range.  Our  camp  was 
made  in  the  valley  of  Rock  Creek,  on  the  south  side  of  the  range.  The 
high  ndge  which  extends  down  from  the  southwest  side  is  (composed  of 
the  double  set  of  strata.  The  lower  group,  which  holds  nearly  its  normal 
position,  inclines  at  a  small  angle,  while  turned  completely  over  on  this 
set  or  group  is  the  same  series  in  reverse  order,  like  the  overlaying  of 
sheets  of  paper  or  cloth.  The  Cretaceous  shales  are  at  lea.st  00°  ])ast  a 
vertical,  while  the  Jurassic,  Triassic,  and  older  beds  incline  at  varions 
iangles,  varying  from  OOo  to  40°  past  a  vertical.  Tiie  great  grouj)  of 
peaks  which  formed  the  center  of  the  movement  rises  nearly  14,000  feet 
above  the  level  of  the  sea,  and  is  composed  of  massive  granite.  The 
jointing  of  this  granite  is  very  marked.  One  ci  the  master  jointa  is 
vertical  with  a  direction  about  east  and  west.  The  joints  are  not  all  as 
regular  as  the  vertical,  but  they  are  so  well  defined  that  the  mountain 
18  much  broken  up,  and  easily  yields  to  the  influence  of  air  and  moisture. 
The  sides  and  base  of  the  range  are  covered  w  ith  an  immense  quantity 
of  debris^  the  masses  of  rock  varying  in  size  from  a  few  inches  to  20  or  30 
feet  in  diameter.  In  some  instances  the  sides  of  the  mountain  seem 
to  be  made  of  massive  layers  that  break  ott*  in  folio,  as  if  the  granite  had 
cooled  in  concentric  layers.  The  entire  range  is  in  this  way  slowly  but 
constantly  falling  down,  so  that  from  base  to  summit  the  talus  is  quite 
remarkable  in  quantity.  At  the  base.Jon  the  south  side,  there  is  a 
beautiful  lake  about  300  yards  long  aiid  150  wide,  on  which  an  abun- 
dance of  water-birds  were  swimming  and  feeding.  This  is  named  on  the 
map  Elk  Lake.  The  summit  of  the  mountain  is  massive  igneous  granite, 
remarkably  compact.    From  the  top  of  Snow  Mass  Peak  the  view  is 
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very  extended  and  gmnd.  To  tlie  south  we  can  see  the  country  we 
have  just  passed  over  from  the  Sawatch  range.  In  the  foreground  the 
series  of  sedimentary  beds  on  both  sides  of  Kock  Ci*eek,  which  have  been 
subverted  by  the  uplift  of  the  Snow  Mass  group,  the  great  sedimentary 
covering  laid  off  from  the  granite  as  the  covering  of  a  bed  is  drawn  over 
from  the  pillows.  At  the  southeast  the  h)wer  beds,  or  those  that  run 
next  to  the  granites,  are  nearly  vertical  in  position,  but  the  newer  or 
higher  ones  geologically  are  tipped  far  past  a  vertical.  Farther  still  to 
the  south,  across  the  gorge,  is  a  ridge  covered  with  snow,  from  the  sides 
of  which  oclier  and  maroon  stri»ta  incline  at  various  angles,  on  one  side 
about  east,  and  on  theother  west,  while  the  nucleus  is  a  mass  of  igneous 
granite.  To  the  eastward,  extending  a  great  disttince,  the  red  beds  can 
be  seen  inclining  at  various  angles  for  the  most  part  from  the  central 
mass,  but  full  of  dikes.  It  would  seem  that  the  cones  and  pyramids 
formed  remarkable  cross-sections,  showing  fissures  of  various  widths, 
through  which  the  igneous  matter  came  to  the  surface.  Twenty  or  thirty 
of  these  dikes  of  all  sizes  are  in  sigh  t  on  the  east  side  of  Snow  Mass  Peak. 
These  dikes  present  a  great  variety  of  forms.  Sometimes  the  igneous  ma- 
terial has  flowed  up  through  vertical  fissures,  as  in  the  maroon  ridge  to  the 
southeast.  In  the  same  ridge  the  igneous  matter  has  come  to  the  surface 
and  overflowed,  so  that  the  ridge  is  capped  with  the  granite.  To  the  north- 
east there  is  a  red  ridge,  with  a  wide  vertical  dike  through  which  the  igne- 
ous matter  has  come  up  from  the  central  mass  and  overflowed,  forming  a 
cap  to  the  ridge.  At  another  locality  to  the  northeast  we  can  see  dis- 
tinctly the  ocher  beds,  or  the  lowest  sedimentary  group,  probably  Silurian, 
resting  on  the  granite,  iuelining  10°  to  15^,  and  on  these  a  great  thick- 
ness of  red  beds,  and  on  top  of  the  latter  masses  of  irregular  thickness 
varying  from  100  to  400  feet  of  the  erui)tive  gnmite,  and  at  either  end 
the  red  beds  again,  resting  upon  the  eruptive  mass.  In  this  case  the 
eruptive  material  must  have  been  pushed  up  through  a  fissure  in  the 
lower  stratii,  and  toward  the  summit  lifted  up  the  upper  red  beds,  so 
that  it  now  appears  like  an  interstratified  mass.  For  twenty  or  thirty 
miles  from  Suow  Mass  Peak  to  the  northward  between  east  and  west, 
the  red  or  maroon  beds  rise  in  high,  long  ridges,  with  immense  valleys 
and  gorges  between.  To  the  northwest  are  portions  ot  the  Snow  Mjiss 
group  and  Sopris  Peak,  all,  parts  of  the  great  central  granitic  mass  or 
nucleus.  Far  in  the  distance,  westward,  thirty  miles  or  more,  is  the 
valley  or  caiion  of  the  Grand  River,  with  stratified  beds  of  a  light  red 
on  either  side.  In  the  am])hitheater  on  all  sides  of  this  granitic  nucleus 
are  quite  remarkal>le  glaeiated  rocks,  with  great  numbers  of  beautiful 
green  lakes,  which  form  the  sources  of  numerous  branches  of  the  rivers. 
These  are  reservoirs  for  the  reception  of  the  waters  of  the  melted  snows 
which  lie  in  glacier-like  masses  on  the  sides  of  the  mountains.  TJie 
same  proofs  of  the  wearing  away  of  these  central  masses  is  shown  in 
this  range  which  we  have  so  olten  observed  in  the  preceding  chapters. 
The  crest  is  a  thin,  sharp  ridge,  in  many  places  so  narrow  that  it  is  with 
difficulty  one  can  creei)  along  it.  It  is  remarkably  zigzag  in  its  strike, 
enormous  amphitheaters  having  been  excavated  on  both  sides,  in  many 
instances  havin^j  broken  through  the  crest,  either  Irom  one  side  or  the 
other. 

On  the  east  side  of  Snow  Mass  group  there  is  a  fine,  large  amphithe- 
ater in  which  are  several  sipall  lakes  with  vast  quantities  of  broken 
rock,  and  just  above  them,  on  the  side  of  the  crest,  a  vast  glacier-like 
mass  of  snow  and  ice,  from  which,  at  this  season  of  the  year,  (August,) 
water  is  flowing  iai>idly.  We  might  suppose  that  in  old  glacial  times 
each  one  of  these  amphitheaters  was  the  abode  of  a  glacier  which  each 
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year  slowly  moved  downwaid,  carrying  with  it  great  quantities  of  earth 
and  fragments  of  rock  far  below.  The  time  for  this  action  in  its  full 
force  is  now  past,  and  the  work  of  excavation  could  not  have  been  per- 
formed, as  we  see  it  lias  been  done  in  past  ages,  with  the  forces  now  in 
operation. 

Between  the  two  main  peaks,  each  of  which  is  nearly  14,000  feet  high, 
the  crest  curves  so  as  to  form  a  full  semicircle,  and  hak  been  worn  away 
so  that  it  is  now  500  to  800  feet  lower  than  these  peaks,  though  it  must 
have  been  originally  of  the  same  height  at  least.  We  may  see  that  it  is 
most  probable  that  much  of  the  original  form  of  these  mountain-ranges  has 
1>een  lost,  and  that  their  present  sha[)e  is  the  result  of  atmospheric 
forces  acting  through  ages — from  the  time  of  the  uplift  to  the  present  day. 
It  is  also  evident  that  these  eroding  agencies  operated  with  far  more 
power  in  the  past  than  at  present,  and  that  it  is  most  probable  this  force 
has  been  decreasing  slowly  to  the  present  time.  The  Blue  River  range 
is  a  fine  illustration  of  the  same  process  of  excavation.  The  Snow  Mass 
Peak  is  really  a  long,  sharp  ridge  with  two  points,  the  northwest  point 
being  about  300  feet  higher  than  the  southeast  one,  while  between  the  two 
the  crest  has  been  worn  away  so  that  it  is  GOO  to  800  feet  lower  than  the 
two  ends.  The  shape  seems  to  be  given  by  the  flexures  of  the 
jointing.  The  sides  are  deeply  furrow^,  down  which  it  is  probable 
that  masses  of  snow  and  ice  have  slidden  for  ages.  On  the  south 
side  these  furrows  are  very  deep  and  regular,  and  at  about  the  same 
distance  apart,  so  that  the  curved  form  appears  like  a  series  of  waves, 
extending  from  the  summit  down  into  the  anrphitheater.  There  can  be 
no  doubt  but  that  they  have  been  worn  dowli  by  the  combined  action 
of  water  and  ice.  The  square  masses  of  granite  stand  up  on  these  crests 
or  ridges  like  druidical  columns.  The  remarkably  broken  condition  of 
the  rocks  composing  the  entire  nucleus  of  these  mountains  would  indicate 
immense  wear,  and  that  all  these  peaks  which  are  now  very  lotty  were 
once  much  higher  than  at  the  present  time.  On  the  south  side  of  Snow 
Mass,  near  its  biise,  there  are  vast  masses  of  igneous  rocks  that  appear 
to  be  of  more  modern  age.  Much  of  the  basalt  being  porous  like 
slag.  It  is  most  probable  that  the  igneous  rocks  are  of  dilierent  ages, 
and  while  none  of  them  in  their  present  form  may  be  older  than  the 
Cretaceous  period,  there  may  have  been  eruptions  of  greater  or  less  ex- 
tent all  the  way  up  to  the  present  period.  In  tracing  the  channel  of 
Rock  Creek  up  from  our  camp,  we  find  the  black  Cretaceous  clays  dii>- 
ping  past  a  vertical  50^  to  (>0o.  The  channel  of  the  little  stream  reveals 
a  complete  section  of  the  beds  in  their  order,  as  well  as  their  position. 
We  lind  two  distinct  sets  of  beds,  the  upper  reversed,  so  that  at  the 
upper  falls  we  find  the  quartzit^s  of  the  Dakota  group  on  the  black 
clays  of  No.  2,  and  the  latter  over  the  limestones  that  usually  charac- 
terize No.  3.  Near  tlie  lower  part  I  obtained  quite  a  collection  of  well- 
marked  Cretaceous  fossils,  among  them  BacidiUHj  Inoceramm^  and  many 
small  shells.  In  the  gray  limestone  are  numbers  of  a  high,  round  Inoce- 
ramus  identical  with  the  species  found  on  the  east  slope  of  the  Rocky 
Mountains.  In  No.  2  I  found  Ammonites,  Ontrea  congeata,  and  a  small 
shell  with  scalloped  edges  like  O.  larva.  These  shales  and  clays  are  more 
or  less  metamorphosed  at  different  localities. 

In  the  little  streams  that  fiow  from  the  high  mountains  are  nu- 
merous beautiful  cascades.  There  is  A  most  instances  a  reason 
why  the  water  should  be  interrupted ;  and  there  are  two  excellent 
examples  in  this  streiuu  above  our  camp  toward  its  sources.  The 
upper    falls    are    produced    by   the    water    flowing    over   the   hard 
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quartzites  of  the  Dakota  group,  and  thuR  the  wearing  out  of  the 
channel  was  interrupted  by  the  great  hardness  of  the  rocky  be<l. 
The  lower  falls  were  formed  by  a  dike,  which  commences  on  the  left 
branch,  runs  parallel  with  the  strata  for  20  or  30  feet,  forming  the  top 
of  the  falls,  then  drop  down  diagonally  across  the  layers  of  shale  about 
10  fe«t,  and  on  the  opposite  side  rises  again  and  is  lost  in  the  debris. 
At  first  the  trachyte  is  above  a  hard  layer  of  calcareous  sandstone 
about  2  feet  thick,  but  it  passes  through  that  into  the  softer  clays 
below,  where  its  thickness  is  increased  from  2  to  4  feet.  Both  the 
upper  and  lower  sides  of  the  dike-layers  the  Cretaceous  shales  are 
changed  into  slates  and  are  adherent.  As  we  follow  up  the  channel  ot 
the  stream  to  a  high  hill  overlooking  the  gorge,  we  see  that  the  entire 
mass  on  both  sides,  and  extending  for  miles,  has  been  thrown  over  to 
the  west  and  southwest,  and  that  the  occasional  sagging  or  bending 
down  of  the  mass  produces  a  drainage-channel  through  which  the  little 
streams  find  their  way.  In  the  case  of  Rock  Creek,  the  curve  down- 
ward or  sag  is  600  to  1,000  feet.  At  another  locality  near  this  creek 
there  is  a  dike  4  feet  in  width,  nearly  vertical,  or  running  across  the 
strata  at  right  angles.  We  see,  therefore,  that  the  igneous  matter  was 
pressed  up  through  every  fissure  of  any  form  throngh  which  it  could 
gain  access  to  the  surface,  or  relieve  the  pressure  from  beneath.  Some- 
times it  is  squeezed  out  between  the  layers  or  strata  across  them  diag- 
onally, or  at  right  angles,  in  whatever  direction  the  original  fissure 
might  take.  As  we  descend  Kock  Creek  the  channel  reveals  the  lower 
set  of  beds  from  the  Cretaceous  shales  of  No.  4,  downward  to  the  gran- 
ites, with  the  various  changes  which  they  undergo.  The  shales,  mud 
sandstones,  and  clays,  of  No.  4  and  No.  2,  as  well  as  the  gray  limestones 
of  No.  3,  are  frequently  much  changed.  The  black  quartzites  on  Kock 
Creek,  and  the  blue  limestones,  with  all  the  intermediate  steps  of  change, 
are  most  clearly  shown.  The  gorge  or  channel  is  inclosed  within  nar- 
row walls,  which  soon  increase  in  height  from  1,200  to  1,500  feet,  inclining 
at  a  moderate  angle,  5o  to  10^,  al)Out  northwest,  or  nearly  opposite  to  the 
dip  from  Snow  Mass  range.  Gothic  Mountain,  12,315,  and  Crested  Butte, 
11,838  feet  high,  may  be  regarded  as  immense  dikes,  the  melted  mat- 
ter pushed  up  through  the  superincumbent  strata,  but  in  such  a  way 
as  not  to  disturb  to  any  great  extent  the  great  thickness  of  yielding 
Cretaceous  shales  and  clays,  so  that  they  surround  the  base  of  the 
mountains  like  terraces,  apparently  in  a  nearly  horizontal  position. 
Gothic  Mountain  presents  an  illustration  not  only  of  the  vertical  up- 
thrust  by  which  the  central  mass  was  brought  to  the  surface,  but  also 
shows  an  irregular  layer  of  the  trachyte  squeezed  out  between  the  strata 
of  shale. 

We  have  not  been  able  in  this  chapter  to  present  more  than  a  glimpse 
of  the  remarkable  geological  features  of  the  Elk  Mountain  range.  Jt  is 
the  purpose  of  the  survey  to  make  a  Ciueful  examination  of  this  entire 
region  as  a  special  study,  and  therefore  only  a  preliminary  notice  of  it 
can  be  given  in  this  report.  We  have  frequently  spoken  of  the  chaos 
into  which  the  beds  seem  to  have  been  thrown  by  the  numerous  centers 
of  uplift,  and  so  it  seems  at  the  first  glance;  but  our  map  will  show  that 
the  massive  i)eaks  are  located  along  a  regular  line  which  indicates  a 
true  axis  of  uplift,  trending  northwest  and  southeast.  Studied  in  de- 
tail, the  geologist  will  find  faults  and  dikes  without  number,  strata  in- 
clining in  every  direction  and  at  all  angles,  and  very  often  entirely  sub- 
verted, yet  the  aggregate  dip  and  strike  may  be  reduced  to  a  system,  as 
we  see  it  on  the  map,  from  Italian  Peak  to  Sopris  Pciik. 
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CHAPTER  IV. 

FROM  ELK  MOUNTAINS  TO  MIDDLE  PARK. 

After  a  preliminary  exploration  of  the  Elk  range  was  completed,  the 
party  returned  by  way  of  Twin  Lakes  around  the  Arkansas  Valley  and 
across  the  divide  by  way  of  the  Tennessee  Pass. 

As  we  pass  up  the  valley  and  examine  the  comparatively  smooth  ter- 
races that  are  well  shown  on  both  sides,  as  well  as  the  woocled  foothills, 
we  form  no  conception  of  the  deep  gorges  or  canons  which  are  found 
between  the  mountain-crests.  Above  the  entniuce  of  Ljike  Creek  into 
the  Arkansas,  the  valley  is  quite  wide,  though  the  immediate  bottom  is 
narrow,  but  the  evidence  ot  erosion  in  the  subsequent  deposits  of  de- 
trital  matter  is  very  marked.  Just  opposite  Massive  Mountain  the 
river-bottom  is  about  a  mile  in  width;  then  a  terrace  rises  40  feet  above, 
and  a  second  terraee  of  500  feet,  composed  of  horizontal  strata  of  sand, 
clays,  sandstones,  and  conj;lonierates,  a  kind  of  modern  lake-deposit. 
The  distance  between  the  immediate  base  of  the  Park  r  auge  on  the 
east  side  of  the  Arkansas  and  the  Hawatch  on  the  west  side  is  about 
ten  miles  in  a  straight  line.  A  coarse  bowlder-drift  or  detritus  covers 
the  foot-hills  to  a  considerable  depth,  while  beneath  are  the  worn  surfaces 
of  the  granite  rocks,  which  have  most  juobably  lK*en  ground  down  from 
their  lofty  height^)  by  the  old  glaciers  that  once  filled  the  valley. 

The  evidence  shows  that  the  waters  of  the  Post-[)li<H;ene  lake  were 
1,200  to  1,500  feet  above  the  present  river-bed.  In  the  mountains  to 
the  west  of  the  pass  some  valuable  silver-mines  have  been  discoveied, 
and  the  Homestake  district  laid  out.  Very  little  is  known  of  them  as  yet, 
except  that  about  seventy  tons  of  ore  have  been  taken  out  and  trans- 
ported to  a  smelting-furnace  near  Denv**r.  The  yield  is  reported  to  be 
from  $100  to  $200  of  silver  per  ton  of  ore.  The  Tennessee  Pass  forms 
the  water-divide  between  the  sources  of  the  Arkansas  and  some  of  the 
south  branches  of  the  Blue  liiver,  as  the  Itoaring  Fork.  The  height  of 
the  pass  is  10,223  feet  above  sea-level. 

The  country  on  both  sides  of  the  divide  is  covered  quite  thickly  with 
pines,  with  here  and  there  openings  like  meadows.  The  pine-forest«  are 
destroyed  more  or  less  every  year  by  fires,  which  sweep  over  large  areas. 
Unless  the  autumnal  fires  can  be  checked,  the  pine-forests  of  all  these 
mountain-districts  must  disappear. 

At  the  present  time  the  various  branches  of  the  Arkansas  are  choked 
up  with  ties  which  are  to  be  floated  down  the  main  river  toward  Pueblo 
for  the  use  of  the  Atchison,  Topeka  and  Sivntsi  Fe  Railroad. 

liemnants  of  the  sedimentary  rocks  appear  here  and  there  about  the 
divide,  but  the  basis  rocks  are  so  covered  with  debris  or  detritus  that  it 
is  hardly  possible  to  determine  them.  It  is  most  probable  the  granitic 
rocks  prevail.  As  we  descend  the  west  side  of  the  pass  in  the  narrow 
gulch  of  Eagle  Creek  the  gneisses,  with  well-defined  bedding,  are  seen  on 
both  sides  for  two  miles,  when  patches  of  stratified  quartzites  occur, 
resting  on  the  uj)turned  edges  of  the  gneisses. 

About  ten  miles  below  the  Tennessee  Pass,  on  Eagle  River,  on  the 
sides  of  the  gulch,  we  have  gneiss,  withdikesof  trachyte;  white  quartzite 
stratified,  30  feet;  reddish  quartzite,  full  of  seams  of  white  quartz  and 
much  changed  by  dikes.  The  quartzite  passes  up  into  a  quartzose 
sandstone,  rather  coarse,  100  feet ;  yellow-brown  arenaceous  mud,  lime 
stone  alternating  with  seams  of  shale  and  quartzite;  coarse  and  tine 
sandstone  of  various  textures,  with  layers  of  limestone  interstratified, 
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with  paitings  of  shale.  The  layers  of  limestone  vary  from  4  inches  to 
4  feet  in  thickness.  As  we  ascend  the  sandstone  predominates,  and 
becomes  coarser  until  layers  of  rotten  coarse  sandstone  alternate  with 
beds  of  pudding-stone  and  conglomerates.  Some  of  the  sandstones  are 
quite  coarse  in  texture,  and  might  be  called  pudding-stones.  Indeed,  the 
whole  section  is  a  rei)etition  of  the  one  near  Horseshoe  Mountain. 

The  stratified  beds  are  here  over  1,000  feet  in  thickness  above  the 
bed  of  Eagle  River.  It  would  seem,  therefore,  that  we  have  here  on  the 
west  slope  a  series  of  quartzites  and  impure  limestone,  like  those  resting 
on  the  ffranitos  in  the  Paik  range,  and  most  probably  of  the  age  of  the 
Lower  Silurian  ;  above  them  a  thick  group  of  Carboniferous  beds  with  num- 
erous fossils,  as  Spiri/er,  FroductuSj  and  a  trilobite,  probably  a  FhiUynia. 
These  fossils  are  found  quite  abundantly  as  soon  as  the  more  modern 
beds  occur.  To  the  eye  of  the  field-geologist  this  lower  group  of  beds 
presents  a  much  more  ancient  aspect,  where  it  is  seen,  than  the  Carbon- 
iferous, although  there  are  no  remarkable  instances  of  i  neon  form  ability 
that  have  come  to  my  notice.  I  think  I  can  always  detect  the  line  of 
demarkation  l)etween  the  older  group  and  the  Carboniferous  series  in 
all  cases  without  the  aid  of  fossils  or  other  proofs,  merely  by  the  difter- 
ence  in  the  general  external  appearance.  As  we  pass  lower  down  the 
valley  of  Eagle  River,  we  find  high  bluff- walls  on  both  sides  of  the 
river,  with  several  hundred  feet  of  rather  loose  arenaceous  beds  with 
hard  layers  of  sandstone  and  quartzite  alternating,  of  yellow  and  brown 
color,  evidently  extending  the  Carboniferous  gioup  800  to  1,000  feet 
above  the  reddish-brown  sandstone.  This  upper  group  of  beds  rises  to 
the  summit  of  the  ridges  as  we  ascend  the  river,  and  probably  forms  the 
upper  portion  of  the  Carboniferous  series.  The  color  of  the  rocks  in  this 
region  cannot  be  depended  upon  as  of  any  value  in  tracing  groups  of 
strata  over  large  areas. 

The  same  white  quartzites  which  we  have  mentioned  above  as  resting 
upon  the  gneiss  a  little  farther  below  hold  the  same  position,  but 
are  quite  red.  They  may  be  white,  gray,  red,  rusty-yellow,  or  brown, 
within  comparatively  short  distances. 

In  the  canon  of  Eagle  River  the  order  of  su|)erposition  is  well  shown. 
The  canon  is  undoubtedly  one  of  erosion  for  the  most  part,  though,  like 
that  of  the  Arkansas  River,  it  is  also  monoclinal.  At  the  present  time 
the  indications  of  any  original  fracture  or  fissures  are  only  suspected 
by  the  inclination  of  the  stratified  beds  on  either  side  of  the  river.  The 
dip  is  to  the  east  and  northeast  from  the  great  Sawatch  range,  of  which 
the  Mountain  of  the  Holy  Cross  is  the  northern  end.  The  erosion  has 
been  so  great  that  the  sides  of  the  canon  for  miles  are  nearly  vertical, 
although  the  left  or  east  side  is  much  more  abrupt. 

Sometimes  the  quartzites  that  rest  on  gneiss  will  wall  in  the  valley 
at  the  rivei''s  margin ;  again  they  will  cap  the  summit  of  the  ridges 
1,000  feet  or  more  above  the  bed  of  the  river. 

Both  sides  are  penetrated  with  dikes  to  a  greater  or  less  extent.  At 
one  locality,  above  the  Silurian  limestone,  is  a  bed  of  trachyte,  apparently 
interstratified,  with  a  bluff-front  of  60  feet,  with  marked  vertical  and 
horizontal  jointing.  So  far  as  I  could  discover,  it  does  not  extend 
horizontally  more  than  100  yards.  Sometimes  the  igneous  material 
rises  up  through  vertical  fissures  without  much  disturbance  of  the  con- 
tiguous beds,  and  again  it  throws  it  into  chaos,  so  that  while  the  gen- 
eral or  aggregate  inclination  is  north  or  northeast,  the  local  dip  is  liable 
to  be  in  any  direction  or  at  any  angle,  depending  upon  the  force  exerted 
by  the  igneous  outflow.  As  we  strike  the  main  branches  of  Eagle 
River  and  they  unite,  the  main  river  fiexes  slightly  toward  the  west, 
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and  the  monoclinal  character  of  the  canon  becomes  more  apparent. 
Fragments  of  the  quartzites  may  be  seen  on  the  west  side,  high  up  on 
the  granites  inclining  northeast ;  while  on  the  right  or  east  «ide  they 
incline  in  the  same  direction  and  dip  beneath  a  vast  thickness  of  varie- 
gated sandstone  and  shales.  At  first  the  high  mountain-ridges,  1,200 
to  2,000  feet  above  the  bed  of  Eagle  Kiver,  are  granite  or  simply  cajipe*! 
with  patches  of  the  quartzite.  As  we  descend  the  Eagle  Kiver  an 
increasing  thickness  of  the  sedimentary  beds  is  observed  on  that 
side,  forming  a  steep  slope,  while  on  the  right  or  east  side  the  ahrui>t 
edges  of  the  variegated  sandstone  and  shale  rise  at  least  2,000  iWt, 
forming  the  high  rounded  ridge  between  the  Holy  Cross  and  Blue 
River  groups.  Opposite  the  junction  of  Roches  Moutonnes  Creek  with 
Eagle  lliver  there  is  a  very  high,  nearly  vertical,  bluff,  showing  a  re- 
markable section  of  the  variegated  beds,  which  are  probably  of  Carbon- 
iferous age. 

We  have  already  noticed  the  quartzites  resting  on  the  granites,  and 
above  the  quartzites  are  impure  arenaceous  limestones.  As  wedesctuid 
Eagle  River,  these  rocks,  which  have  a  more  ancient  aspect,  and  which 
I  regard  as  of  Lower  Silurian  age,  pass  beneath  the  bed  of  the  river,  at 
the  entrance  of  Roches  Moutonn^»s  Creek,  and  we  have  on  the  east  or 
right  side  of  the  river  the  series  of  strata  which  may  be  described  brielly 
as  follows,  in  ascending  order : 

1st.  A  group  of  rather  light-red  sandstone,  varying  in  shades  of 
color,  oftentimes  in  massive  layers  varying  from  a  few  inches  to  30  feet 
thick,  with  partings  of  arenaceous  shale,  varying  from  a  few  inches  to 
6  feet  in  thickness.  The  two  upper  layers  of  sandstone  are  fine-grained, 
and  break  into  quite  regidar  vertical  columns.  The  lower  bed  is  about 
12  feet  thick.  The  layers  or  strata  are  all  irregular  in  thickness  in  the 
horizontal  extension,  sometimes  thinning  out  to  a  few  inches,  and  then 
increasing  to  several  feet.  In  texture  the  rock  presents  every  shade 
from  a  finegrained  sandstone  to  a  coarse  conglomerate,  and  these 
changes  may  occur  in  the  same  stratum  within  a  few  feet.  Tln^re  are 
twenty-two  layers  of  sandstone  in  this  group,  varying  from  2  to  30  feet 
in  thickness,  and  the  aggregate  thickness  is  about  500  feel.  Some  shade 
of  red  is  the  prevailing  color. 

2d.  Then  comes  a  series  of  similar  be<ls,  evidently  portions  of  the 
same  group,  but  in  this  locality  marked  by  difference  in  color,  being 
mostly  yellowish-gray  or  brown,  sometimes  with  a  reddish  tinge.  The 
first  bed  is  about  0  feet  thick  with  the  same  vertical  columnar  fracture, 
which  at  a  distance  gives  to  the  rock  the  appearance  of  basalt.  This 
group  comprises  twenty-four  beds  of  sandstone,  varying  from  2  to 
40  feet  in  thickness,  with  shaly  partings  varying  from  a  f(^w  inches 
to  4  feet.  This  upper  group  is  much  finer  in  texture  than  the  lower 
group,  yet  all  the  layers  indicate  the  deposition  ot  the  sediments  in 
shallow  as  well  as  moving  waters,  by  the  oblique  lamuue  and  the  irreg- 
ular thickness  from  i)oint  to  point.  The  shaly  partings  are  in  many 
cases  very  micaceous,  and  might  be  termed  micaceous  shales;  while  the 
coarser  sandstones,  or  pudding-stones,  are  made  up  of  pebbles  of  quartz 
mostly,  and  so  far  1  could  detect  no  fragments  of  the  sedimentary  rocks. 
The  shales  are  also  variable  in  color  from  yellowish-brown  to  a  light  gray, 
then  changed  into  what  may  be  called  mud-sandstone,  in  groups  vary- 
ing from  50  to  200  feet  in  thickness.  Sometimes  the  mud-shales  are 
separated  by  a  few  feet  of  coarse  sandstone  or  quartzite.  The  difference 
in  the  texture  of  these  layers  may  be  detected  at  a  distance  by  the 
style  of  weathering;   the  sandstones  fracture  with  a  square  vertical 
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face,  while  the  quartzites  weathered  in  roanded  forms,  the  thin  layers 
dropping  off  concentrically. 

Ihe  coni[)ositiou  of  those  rocks  would  indicate  that  the  gneisi*!c  or 
granite  rocks  were  very  largely  drawn  upon  for  the  materials.  The  two 
groups  described  above  will  aggregate  at  this  locality  abont  1,200  or 
1,500  feet  in  thickness;  but  as  we  descend  the  river  we  can  see  on  the 
summits  of  the  mountain-ridge  a  great  additional  thickness,  so  that  the 
whole  must  sum  up  at  least  3,000  or  4,000  feet.  The  character  and 
texture  varies  much  in  diflerent  loisalities,  but  the  description  given 
above  will  apply  to  a  great  thickness  of  beds  which  extend  over  a 
greater  or  less  area  west  of  the  Sawatch  range  to  the  Colorado  River. 

Our  trip  down  the  Eagle  liiver  had  for  its  principal  object  the  dis- 
covery of  some  way  of  access  to  the  mountain  of  the  Holy  Cross.  A 
little  stream  joins  the  Eagle  Hi  ver  from  the  west  side,  which  rises  among 
the  group  of  mountain-peaks  of  which  the  Holy  Cross  is  most  conspic- 
uous. The  valley  of  this  stream  varies  from  one-eighth  to  one-fourth  of 
a  mile  in  width,  and  is  about  eight  or  ten  miles  in  length,  and  so  cov- 
ered  with  the  rounded  ghiciated  forms  of  granite  that  it  was  impossible 
to  ascend  it  with  our  pack-trains.  We  were  obliged  to  descend  the 
river  about  three  miles  and  then  climb  the  steep  mountain-side  over  a 
net-work  of  fallen  timber.  The  obstructions  to  traveling  were  very 
great.  We  often  labored  for  a  day  or  two  to  find  some  path  to  approach 
the  mountain-peak,  and  were  obliged  to  cut  our  way  through  the  fallen 
timber,  and  finally  succeeded  in  getting  within  about  five  miles  of  the 
base  of  the  peak. 

The  most  remarkable  feature  of  this  wonderful  region  is  the  proof  of 
a  great  ancient  glacier  which  must  have  filled  up  the  valley  from  mouth 
to  source.  The  bottom,  extending  high  up  on  either  side,  is  covered 
with  the  rounded  granite  masses,  vaiying  in  size  from  a  few  feet  to  sev- 
eral hundred  feet  length;  so  that,  looking  down  upon  them  from  a  high 
I)oint,  they  resemble  a  huge  flock  of  sheep,  and  from  this  fact  they  have 
received  from  the  Alpine  geologists  of  Europe  the  appellation  of 
"Roches  Moutoun(3s."  It  is  most  probable  the  valley  itself  has  been 
worn  out  of  the  granite  mass.  The  mountains  on  either  side  rise  to  the 
height  of  2,000  to  3,000  feet  above  the  valley,  and  the  glacial  markings 
are  visible  1,200  to  1,500  feet.  The  morainal  deposits  on  the  northwest 
side  reach  a  height  of  1,200  feet  above  the  stream  and  form  a  sort  of 
irregular  ten  ace,  which,  \\\wi\  cut  through  by  the  little  side-streams, 
show  tliat  h  is  made  up  of  gravel  and  bowlders  much  worn.  In  some 
instances  there  are- well-worn  cavities  in  the  sides  of  the  mountains, 
showing  how  the  running  water,  in  connection  with  a  mass  of  rock, 
formed  the  cavity  much  as  a  "  pot-hole"  is  made  in  our  streams  at  the 
present  time. 

Many  of  the  *' sheep-backs"  are  still  covered  with  a  crust  like  enamel, 
but  usually  this  has  peeled  oft*.  There  is  no  doubt  that  all  these  rodnded 
granite  masses  were  originally  covered  with  what  may  be  called  a  glacial 
crust  which  has  scaled  off,  so  that  only  remnants  remain  at  the  present 
time.  The  rounded  masses  of  granite  are  mostly  oblong  in  form,  or  lie  in 
parallel  lines,  as  if  the  little  stream  had  originally  occupied  a  dozen  or 
more  channels  parallel  to  each  other. 

The  anii)liitheaterson  the  west  side  of  the  mountain  are  quite  numer- 
ous, at  least  a  half-dozen  in  number,  giving  birth  to  as  many  streams  that 
flow  down  the  mountain-side.  These  unite  in  the  valley,  and  form  a 
good-sized  stream,  150  feet  wide  and  2  feet  in  depth. 

At  the  upper  end  there  is  a  boggy  meadow  covered  with  high,  coarse 
grass.    This  meadow  is  about  one-fourth  of  a  mile  in  length  and  about 
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the  same  di«tiince  in  width.  This  must  have  been  orig^inally  the  bod  of 
a  ghicial  lake,  scooped  out  by  glacial  action  as  a  sort  of  reservoir  for  the 
sediment  swept  down  from  the  mountainsides.  The  sheep-backs  com- 
mence at  the  lower  end  of  this  basin  and  coutinue  for  about  ten  miles, 
presenting  undoubtedly  the  most  remarkable  illustration  of  this  partic- 
ular kind  of  glacial  action  ever  seen  on  this  continent. 

The  main  mass  of  the  peak,  like  the  whole  of  the  Sawatch  range,  is 
composed  of  granite  gneiss;  The  summit  of  the  Holy  Cross  is  covered 
with  fragments  of  banded  gneiss.  The  amphitheaters  on  all  sides  have 
been  gradually  excavated,  as  heretofore  described,  and  the  more  or  less 
vertical  sides  show  the  intermediate  steps  very  clearly.  The  character- 
istic feature  of  the  Mount  of  the  Holy  Cross  is  the  vertical  face,  nearly 
3,000  feet  on  the  side,  with  a  cross  of  snow  which  may  be  seen  at  a 
distance  of  tifty  to  eighty  miles  from  other  mountain-peaks.  This  is 
formed  by  a  vertical  tissure  about  1,500  feet  high,  with  a  sort  of 
horizontal  step,  produced  by  the  breaking  down  of  the  side  of  the 
mountain,  on  which  the  snow  is  lodged  and  remains  more  or  less  all 
the  year.  Late  in  the  summer  the  cross  is  very  much  diminished  in  size 
by  the  melting  of  the  snow  which  has  accumulated  in  the  fissures.  A 
beautiful  green  lake  lies  at  the  base  of  the  peak,  almost  up  to  timber- 
line,  which  forms  a  reservoir  for  the  waters  from  the  melting  snows  of 
the  high  peaks.  From  this,  one  of  the  main  branches  of  the  IJoches 
Moutonn^s  Creek  flows  down  the  mountain  side,  forming  several  charm- 
ing cascades  on  its  way.  The  worn  rocks  or  "sheep-backs"  in  the  valley 
of  the  creek  «lis[)lay  most  remarkable  examples  of  the  curious  markings 
on  the  surface  of  gneiss  produced  by  the  separation  of  the  different 
constituents  of  the  rocks. 

The  red  i'eldspar  sometimes  makes  bands  or  seams  crossing  each  other 
like  mosaic  work.  Then  there  are  patches  of  all  sizes  and  shapes,  in 
which  the  particles  of  mica  are  so  fine  that  they  appear  like  rounded 
masses  inclosed  in  a  coarse  feldspathic  matrix. 

Many  of  the  rocks  look  as  if  they  were  covered  with  a  confused  mass 
of  hieroglyphics.  These  peculiar  markings  in  the  structure  of  gneiss 
are  not  uncommon,  but  they  are  shown  on  such  a  scale  in  this  locality 
as  to  attract  attention. 

We  have  already  described  the  caiion  of  Eagle  River  as  mouoclinal 
in  part.  It  runs  nearly  parallel  with  the  upheaved  ridges,  but  as  it 
descends  passes  into  the  sedimentary  beds  from  the  granites  to  the  Cre- 
taceous clays  of  No.  4.  At  first  the  canon  cuts  deep  into  the  granites, 
1,000  to  1,500 feet,  with  vertical  sides;  soon  the  quartzites  come  in  rest- 
ing on  the  granites,  and  then  cherty  limestones  of  the  thickness  of 
IjCMDO  to  1,500  feet,  which  are  undoubtedly  a  part  of  the  same  group  seen 
in  the  Park  range,  on  the  west  side  of  the  South  Park,  and  regarded  as 
of  Lower  Silurian  age.  The  channel  cuts  through  an  enormous  thickness 
of  variegated  beds,  not  only  in  color  but  texture ;  a  most  remarkable 
group,  with  an  aggregate  thickness  of  3,000  to  4,000  feet.  That  this 
group  is  of  Carboniferous  age,  the  few  fossils  that  could  be  detected  in 
difterent  localities  seemed  to  testify. 

As  we  descended  this  stream  toward  the  main  Blue  River,  the  high 
sloping  ridges  are  seen  on  the  left  or  south  side,  the  dip  well  exposed 
in  the  channels  of  the  streams  that  have  cut  deep  down  from  the 
mountain-crests.  Great  quantities  of  worn  bowlders  and  loose  detritus 
cover  these  ridges,  growing  more  abundant  toward  the  base  or  near  the 
river.  On  the  north  or  right  side  the  outcropping  edges  of  Ihe  sand- 
stones and  indurated  clays  and  shales  are  seen,  the  texture  determining 
the  abruptness  of  the  sides  of  the  cafLou. 
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There  are  great  nambers  of  sidecaiioiis  formed  by  the  little  streams 
that  have  their  origin  high  ap  iu  the  Bine  River  range. 

We  find  here  two  forms  of  river-channels  or  eaiioDs;  one  nearly 
parallel  with  the  lines  of  fracture,  monoclinal,  as  I  have  called  them  for 
want  of  a  better  term,  and  the  other  at  riglit  angles  to  the  ridges  and 
carved  out  of  the  solid  mass.  In  the  first  class  the  drainage  must  have 
commenced  in  a  fracture,  but  erosion  has  been  the  main  agency  in  the 
formation  of  the  eauon ;  in  the  latter,  the  channel  is  in  most  instances 
entirely  due  to  erosiou,  the  strata  corresponding  in  position  to  a  greater 
or  less  extent  on  both  sides.  Between  the  northwest  end  of  tlieSawatch 
range  and  the  Blue  River  range  there  is  an  immense  mass  of  sedimen- 
tary strata  crushed  in  between  the  two  great  axes  of  uplift  as  it  were, 
forming  a  sort  of  synclinal.  The  beds  incline  with  tolerable  regularity 
from  the  Sawatch  toward  the  northeast,  though  the  dip  varies  from  1(P 
to  50O  or  OCR  Sometimes  the  dip,  close  up  to  the  margin  of  the  mount- 
ain-summits, is  nearly  vertical,  but  in  a  few  instances  great  masses  of 
strata  seem  to  have  been  carried  up  on  the  underlying  granite,  ])roduc- 
ing  extensive  faults,  as  seen  in  the  Park  range.  But  the  elevation  of 
the  Blue  River  range  seems  to  have  been  somewhat  peculiar,  the  force 
having  acted  nearly  vertically,  so  that  on  the  west  side  of  the  range  the 
sandstonesjut  up  against  the  sides  with  but  a  slight  dip.  Following 
up  one  of  the  branches  of  Eagle  River,  w^hich  rises  high  up  in  the  west 
side  of  the  range  and  carves  a  channel  across  the  uplift,  we  find  the  in- 
clination from  Eagle  River  extending  eastward  for  about  six  miles, 
where  there  is  a  sort  of  sag  or  depression  and  a  reversed  dip  from  the 
Blue  River  range. 

From  Eagle  River  Valley  we  made  a  side- trip  to  the  Blue  River 
range,  ascending  the  higheiit  peak,  Mount  Powell,  by  way  of  one  of  the 
little  streams  that  rise  on  the  west  side.  There  is  no  name  for  this  little 
stream,  but  it  reveals  in  the  sides  of  its  cafion  a  thick  group  of  the 
brick-red  sandstones.  The  canon  is  carved  out  of  the  solid  mass,  from 
the  amphitheater  high  u[)  on  the  west  side  of  the  range,  down  for  sev- 
eral miles  through  the  sandstones  at  right  angles  to  the  inclination  of 
the  strata.  The  sides  of  the  canon  are  1,200  to  1,800  feet  high  on  either 
side,  and  rise  in  abrupt  steps,  depending  upon  the  texture  of  the  differ- 
ent layers  of  sandstone.  The  valley  varies  from  one-eighth  to  one- 
fourth  of  a  mile  in  width,  and  nsing  up  in  various  phices  in  the  bottom 
are  the  worn  edges  of  the  sandstones.  At  one  place  they  api>ear  above 
the  surface  completely  iicross  the  valley,  showing  most  conclusively 
that  this  gulch  or  canon  is  entirely  one  of  erosion. 

On  the  west  side  of  the  Blue  River  range  the  sandstones  lap  on  to 
the  granite  nucleus,  so  that  the  usual  valley  of  separation  is  wanting ; 
or,  in  other  words,  the  ridge  of  sandstone  lies  so  close  tx)  the  mountain- 
side as  to  be  continuous  with  it.  As  far  as  one  can  see  from  the  summit 
of  Mount  Powell,  north  and  south,  these  sedimentary  beds  hug  the 
west  side  of  the  range  with  a  very  moderate  dip,  not  usually  over  10^. 
There  are  numerous  streams  that  flow  from  the  west  side  of  the  range 
and  cut  deep  channels,  which  expand  or  contract,  depending  upon  the 
texture  of  the  rocks  through  which  the  erosive  agent  has  wrought  its 
way. 

Everywhere  there  are  more  or  less  proofs  of  old  glacial  action.  The 
moraines  are  common,  but  not  on  such  a  scale  as  we  have  already  de- 
scribed, on  either  side  of  the  Sawatch  range.  In  the  amphitheaters,  as 
well  as  in  the  upi)er  portion  of  the  valley's  where  the  granites  are  ex- 
posed, we  find  the  same  rounded  glaciated  masses  which  were  so  con- 
spicuously shown  near  the  Mountain  of  the  Holy  Cross. 
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The  effects  of  erosion,  as  shown  in  the  Blue  River  range,  are  on 
equally  as  grand  a  scale  as  in  otiier  localities  previously  <loK(*ribed. 
Even  the  imagination  fails  to  grasp  the  tremendous  intluence  this  agency 
has  exerted  in  past  times,  judging  from  the  scenery  both  of  mountain 
and  plain. 

From  the  summit  of  Mount  Powell  one  can  follow  with  the  eye  the 
sharp,  zigzag  crest  of  the  Blue  River  range,  with  the  numerous  huge 
ampliitheaters  on  each  side,  which  have  been  worn  a  long  distance 
from  the  base  of  the  mountain.  Very  frequently  the  partition- wall  is 
broken  through,  forming  a  low  bend  or  sag  in  the  crest-line,  and  here 
and  there  a  huge  shaft  of  granite  rises  up  1,000  feet  or  more  above  the 
crest. 

The  Blue  range,  as  seen  from  the  summit,  is  one  of  the  ruggedest  in 
Colorado,  composed  of  a  mass  ol  sharp-pointed  peaks,  crests,  and  ob(»lisks. 
Great  masses  of  snow,  like  glaciers,  lie  on  the  almost  vertical  sides  per- 
petually, though  they  abru])tly  descend  45°  or  50°. 

Huge  fissures  may  be  seen  in  these  great  masses  of  snow  and  ice,  that 
may  indicate  slow  movements  downward.  At  any  rate,  we  may  call 
them  remnants  of  the  old  glaciers  that  once  existed  here  in  abundance 
and  have  left  their  tnices  on  the  surface  everywhere.  Numbers  of  little 
gem-like  lakes  are  seen  high  up  in  the  amphitheaters,  sometimes  even 
above  timber-line,  reservoirs  for  the  water  that  melts  from  these  old  gla- 
cier-remnants. 

A  fact  worthy  of  note  here  is  the  vast  quantities  of  dead  grasshoppers 
that  are  found  on  these  masses  of  snow.  The  (juantity  may  be  estimated 
by  bushels,  and  the  bears  frequent  these  high  places  in  search  of  them 
for  food.  At  certain  seasons  of  the  year  the  air  is  filled  with  grasshop- 
pers, apparently  flying  in  every  direction,  to  a  height  far  beyond  our 
vision.  It  is  probable  that  they  become  chilled  in  flying  over  these 
high  mountain-peaks,  and,  dropping  down  on  the  snow,  perish. 

The  Blue  River  range  juts  up  against  the  south  rim  of  the  Middle 
Park,  extending  southward  along  the  west  side  of  the  upi)er  [)()rtion  of 
Blue  River.  On  the  east  side  of  Blue  River,  there  is  a  long,  rather  high 
ridge,  extending  into  the  park,  composed  largely  of  CretJiceous  shales 
with  dikes  of  basalt  in  great  numbers.  The  basalt  occurs  on  the  sum- 
mit and  crops  out  of  the  sides  in  many  places. 

Far  in  the  distance  to  the  northeast  is  the  Front  or  Colorado  range, 
with  Long's  Peak,  and  the  intermediate  group  of  high  peaks.  To  the 
east,  Torrey's  and  Gray's  peaks  ai*e  well  shown,  and  to  the  southeast 
are  the  peaks  around  the  Middle  Park,  To  the  south  is  the  Sawatch 
range  with  the  Holy  Cross  in  the  foreground,  and  west  of  south.  Snow 
Mass,  Sopris,  and  other  high  peaks  can  be  distinctly  seen. 

The  intermediate  space  is  filled  up  with  the  sedimentary  beds,  of  which 
the  red  beds  cover  by  far  the  largest  area.  The  Blue  River  range  trends 
about  north  and  south,  extending  up  so  as  to  form  the  northern  portion 
of  the  Parkrange.  Looking  to  the  west  we  can  see  the  great  mass  of  sedi- 
mentary beds  inclining  from  the  west  side  of  the  Blue  River  range  and 
from  the  east  side  of  the  Holy  Cross,  and  its  associated  peaks  forming 
about  midway  a  curious  synclinal. 

The  two  forces  have  crushed  the  beds  together.  The  sedimentary 
group  here  forms  a  belt  from  fifteen  to  twenty  miles  in  width,  expanding 
to  a  greater  breadth  to  the  west  and  northwest.  To  the  northwest  from 
Mount  Powell  we  can  look  into  Egeria  Park,  a  sort  of  elevated  plateau 
or  meadow,  a  beautiful  f>ark,  though  small,  about  five  miles  in  diameter 
and  nearly  circular  in  shape.  North  of  the  middle  park  but  not  very 
distinctly  visible  from  Mount  Powell,  is  the  North  Park,    To  the  west, 
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just  on  the  verge  of  the  horizon,  is  a  high  range  called  the  Elk  Head 
Mountains.  Long,  high  ridges  rising  to  the  limit  of  perpetual  snow  may 
be  seen  far  to  the  west,  apparently  composed  of  stratified  rocks. 
Through  these  ridges  the  little  streams  have  cut  deep  gorges  as  they 
flow  westward  to  the  Colorado  River.  These  gorges  must  present  most 
excellent  sections  of  strata  to  the  geologist. 

Here  and  there  we  can  see  the  whitish  mails  and  sands  of  the  modern 
lake-deposits  on  the  upturned  edges  of  the  variegated  beds.  In  the  deep 
basin  of  the  Middle  Park  these  Pliocene  or  Post-pliocene  deposits  are 
quite  conspicuous.  Tbe  rocks  which  compose  the  great  mass  of  the  Blue 
range  may  be  called  granites.  Much  of  the  rock  is  banded  and  strati- 
fied, but  the  older  portions  are  massive  and  solid,  that  is,  the  lines  of 
bedding  are  wanting. 

From  Mount  Powell  we  descended  the  west  side  of  the  mountain 
again,  and  returned  to  Eagle  Eiver.  The  evidence  of  the  former  ex- 
istence of  a  large  glacier  extending  up  into  the  mountains  in  various 
directions  and  filling  up  the  valley  of  the  little  stream  is  quite  clear. 
The  valley  is  oval  in  shape,  and  about  four  miles  from  the  base  of  the 
mountain  closes  up  into  a  narrow  channel,  in  which  are  a  number  of 
uiorainal  ridges.  Above  the  ridges  is  a  small  lake  one-fourth  of  a  mile 
wiile,  which  was  undoubtedly  formed  by  the  glacier.  The  high  ridges 
on  t>oth  sides  are  covered  thickly  with  rounded  bowlders.  Interstrati- 
fied  with  tbe  red  sandstones  are  some  thin  layers  of  limestone,  in  which 
are  numerous  fossils,  CrinoidSy  Corals^  Productus,  &c.,  with  other  forms 
which  are  unmistakably  of  Carboniferous  age. 

The  dip  is  very  slight,  hardly  more  than  3°  for  several  miles.  The 
fallen  timber  is  a  great  obstruction  to  traveling.  In  the  autumn  the  sur- 
face becomes  as  dry  as  tinder,  and  the  fires  run  over  the  country, 
destroying  the  life  of  the  pines  as  they  stand.  The  winter  and  spring 
winds  i)rostrate  them  in  every  direction,  so  that  they  sometimes  form 
a  net-work  5  or  6  feet  high  for  many  miles. 

As  we  descend  Eagle  River  below  the  mouth  of  Roches  Moutonn^s 
Creek,  tbe  valley  closes  up  for  several  miles,  but  expands  out  again  to 
half  a  mile  in  width,  with  soft  beds  on  both  sides.  High  on  the  mount- 
ain slopes  are  thick  groves  of  poplar  or  quaking  asp.  A  group  of  beds 
comes  in  on  this  stream  about  ten  miles  below  the  Roches  Moutonn^s 
Creek,  1,200  to  1,500  feet  in  thickness,  which  appe^irs  to  be  separate  from 
the  regular  formations,  apparently  a  partially  fresh-water  deposit,  for  in 
some  thin  layers  of  impure  limestone  were  numerous  small  shells  like 
Planorbisj  and  Physaj  and  the  lower  400  feet  are  composed  of  very  thinly 
laminated  shales,  while  the  upi)er  portions  iire  very  gypsiferous,  and 
might  be  called  gypsiferous  clays  and  marls. 

This  group  appears  very  abruptly,  and  continues  down  the  river  for  a 
few  miles,  and  then  disappears  as  if  it  formed  a  sort  of  basin  in  the  va- 
riegated group.  Whatever  may  have  been  the  origin  of  this  curious  gyp- 
siferous group,  it  seems  to  be  local,  and  to  lie  in  the  Carboniferous  or 
between  the  Carboniferous  and  the  Triassic. 

We  traveled  along  the  valley  so  rapidFy  that  I  could  only  examine 
the  immediate  channel  of  the  river ;  and  I  here  present  these  hasty 
observations  to  call  attention  to  the  group.  The  whole  district  will  be 
studied  in  detail  during  the  summer  of  1874. 

Above  the  gypsiferous  group  is  a  series  of  the  brick-red  beds,  500  feet 
or  more,  and  still  above  a  series  of  variegated  beds  400  to  500  feet  thick. 
In  the  lower  portion  of  the  gypsiferous  group,  in  a  bod  of  limestone, 
I  found  a  species  of  Productus  and  a  Spirifer^  all  Carboniferous  forms. 

Above  the  gypsiferous  group,  and  just  below  the  brick-red  beds,  I 
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found,  still  lower  down  the  river,  in  a  bed  of  blue  limestone,  an  Orhicu- 
l{ij  plainly  a  Carboniferous  specimen. 

The  evidence  seems  clear  that  all  the  rocks  on  Eagle  River  are  of 
Carboniferous  age.  As  we  continue  down  the  Eagle  River  to  the  north- 
west, trfward  its  junction  with  the  Grand,  there  is  a  very  curious  twist 
in  the  bed,  which  can  hardly  be  described  except  by  an  illustration. 

Hitherto  the  great  mass  of  the  strata  has  been  inclining  from  the 
range  of  the  Holy  Cross,  but  here  we  seem  to  have  met  the  force  which 
acted  from  the  direction  of  the  Blue  River  range,  by  which  the  dip  is 
suddenly  changed  by  a  remarkable  cause  from  a  northeast  to  a  north- 
west direction,  and  while  some  portions  of  the  group  incline  at  an  augU* 
of  not  more  than  20o,  others  stand  nearly  vertical,  and  in  some  in- 
stances have  passed  a  vertical.  We  have  here  ex^wsed  in  Eagle  River 
a  series  of  curiously-variegated  beds,  at  least  4,(K)0  feet  in  thickness, 
of  Carboniferous  age ;  above  them  1,200  to  1,500  feot  of  brick-red  sand- 
stones and  clays,  probably  Triassic,  and  above  them  200  feet  or  more 
of  Jurassic  age  5  then  overlaid  by  a  heavy  l>ed  of  quartzite,  150  feet 
thick,  undoubtedly  So.  1,  or  Dakota  group.  Above  the  last  are  the 
black  plastic  clays  of  No.  2,  in  a  nearly  horizontal  position.  Overlying 
the  clays  is  a  bed  of  dark  limestone  tilled  with  fossils,  as  Inocerarnns, 
Ontrea  congesta^  and  other  forms  of  mollusks,  with  abundant  fish-remains, 
but  so  broken  that  scarcely  a  good  specimen  couid  be  found. 

At  this  point  we  left  Eagle  River  and  struck  across  the  country  north 
northeast  through  a  synclinal  depression,  or  a  sort  of  basin,  from  five  to 
eight  miles  in  diameter,  with  the  quartzites  of  the  Dakota  group  rising 
up  with  a  gentle  slope  on  all  sides,  while  the  high  divide  on  the  north 
side  of  Eagle  River  is  elevated  by  the  dikes  of  basalt  so  as  to  form  a 
rim  connecting  the  east  and  west  sides  of  the  basin.  Eagle  River,  be- 
low the  point  where  we  left  it,  just  l>efore  it  joins  the  main  stream,  cuts 
through  No;  1  and  a  great  thickness  of  the  brickred  beds,  which  are 
elevated  so  as  to  show  a  general  dip  east  and  northeast,  while  on  the 
opposite,  side  of  the  synclinal  the  dip  is  south  and  southwest. 

The  quartzite  bed  of  the  Dakota  group  gives  character  to  the  slopes 
as  well  as  to  the  topography  of  this  immediate  region.  The  strata  in- 
clining to  the  north  and  northeast  has  been  e^?vated  by  the  Holy  Cross 
range,  while  the  almost  vertical  beds  on  the  opposite  side  of  the  syn- 
clinal have  been  lifted  to  their  present  chaotic  jyosition  by  two  forces; 
one  acting  from  the  Blue  River  range,  and  the  other  arising  from  the 
outflow  of  igneous  matter  in  the  form  of  dikes'.  We  may  state,  in  gen- 
eral terms,  that  in  the  Middle  Park  and  its  surroundings  the  complica- 
tions in  the  positions  of  the  strata  of  the  various  formations  have  been 
produced  by  igneous  eruf)tions.  The  terraces  along  Eagle  River  ought 
to  receive  a  passing  notice.  There  are  usually  two  of  them.  Varying 
from  10  feet  to  50  or  100  feet  above  tbe  river,  usually  covered  with 
rounded  l)owlders,  there  is  a  good  thickness  of  the  drift  on  them,  btil 
the  underlying  strata  of  the  original  Ibrmations  are  everywhere  exposed, 
showing  that  the  valley  is  for  the  most  part  one  of  erosion. 

Not  nnfrequently  the  river  cuts  a  narrow  channel  across  the  uptnrned 
edges  of  the  ba^iis  rocks,  which,  in  this  way,  may  be  traced  across  the 
valley  from  bluff  to  bluff.  The  height  of  the  divide  overlooking  Eagle 
River  is  1,450  feet  above  the  river-bed,  and  this  may  be  taken  as  the 
aggregate  thickness  of  the  entire  Cretaceous  group  in  this  basin.  All 
the  divisions  appear  to  be  represented  ;  and  what  we  usually  regarded 
as  No.  5  I  estimated  jis  400  to  500  feet  thick,  composed  of  brown  arena- 
ceous shales,  with  irregular  beds  of  Siindstone,  varying  from  a  few  feet 
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to  100  or  150  feet    In  No.  5  arc  a  great  abandance  of  fossils  of  the 
genera  Inoceramtis,  Bacxdites^  Ammonites^  &c. 

The  surface  of  the  entire  country  is  exceedingly  rugged,  and  the  high 
ridges,  underlaid  with  No.  5  or  No.  1,  contrast  curiously  by  the  lux- 
uriance of  vegetation  with  the  barren,  sage-covered  surface  of  the  black 
plastic  clays  of  Nos.  2  and  4.  The  high  ridges  of  the  divide  are 
covered  with  vesicular  basalt,  much  of  which  is  spongy,  like  lava.  The 
dikes  have  a  trend  about  20^  south  of  east,  and  as  they  are  very  numer- 
ous and  are  nearly  parallel,  resemble  waves  of  the  sea  as  they  extend 
along  the  surface  in  more  or  less  elevated  ridges.  These  basidtic 
ridges  are  sometimes  continuous  for  several  miles,  but  they  usually 
break  up  into  fragments,  yet  still  preserving  about  the  same  trend.  As 
we  travel  from  Eagle  River  to  the  valley  of  the  Blue,  the  surface  is 
covered  to  a  gi-eater  or  less  extent  with  loose  fragments  of  modern 
basalt,  varying  much  in  texture  and  color.  The  country  reminded  me 
very  much  of  portions  of  the  Yellowstone  Valley  in  Montana.  As  we 
descend  into  the  valley  of  the  Blue,  below  the  junction  of  the  Grand, 
we  can  see  that  the  high  ridges  on  either  side  are  capi>ed  with  basalt, 
but  underneath  are  the  black  clays  of  the  Cretaceous. 

A  great  thickness  of  the  sedimentary  beds  cover  the  country,  but 
they  are  literally  riddled  with  dikes,  and  the  strata  are  thrown  into 
complete  chaos.  On  the  north  side  of  the  Blue  Kiver,  about  fifteen 
miles  below  the  junction  of  the  Grand,  are  several  long  mesa-like  ri^iges 
that  rise  1,000  to  2,000  feet  above  the  river-bottom,  and  apparently 
incline  from  an  extension  of  the  Blue  Hiver  range  along  the  west  side 
of  Middle  Park. 

These  mesas  present  a  structure  too  complicated  for  our  limited  time, 
but  the  entire  mass  seems  to  have  been  lifted  up  nearly  vertically,  pro- 
ducing great  faults,  so  that  on  the  south  side  the  variegated  beds  which 
lie  beneath  the  Cretaceous  group  were  tipped  up  at  the  base  in  a  verti- 
cal position,  and  sometimes  15°  to  20^  past  a  vertical. 

These  mesas,  capped  with  basalt,  slope  southwest  5°  to  15^.  In  the 
sides  of  these  mesas  several  beds  of  basalt  are  shown,  varying  from  4 
to  40  feet  in  thickness,  with  a  layer  of  volcanic  tuff  intervening. 

To  work  out  the  complicated  structure  of  this  most  interesting  region 
would  require  the  diligent  labor  of  a  season,  and  I  can  in  this  re[)ort 
only  notice  it  in  general  terms.  There  are,  however,  most  abundant 
illustrations  of  the  action  of  the  two  forces,  one  of  which,  long  contin- 
ued and  uniform,  produced  the  anticlinals  which  are  continually  inter- 
rupted or  thrown  into  confusion  by  the  eruption  of  volcanic  matt-er. 
Along  the  Grand  and  Blue  Rivers,  on  the  west  of  the  Middle  Park,  are 
three  quite  important  canons,  the  Lower,  Middle,  and  Upper.  The  Lower 
Caiion  is  formed  by  the  passage  of  the  Blue  River  at  right  anglesthrough 
a  high  ridge  of  feldspathic  gneiss,  with  walls  1,200  feet  high.  There 
seem  to  be  a  number  of  these  granite  uplifts,  extending  with  a  nearly 
north  and  south  trend  across  the  park.  The  most  western  one  rises 
about  1,200  to  1,500  feet  above  the  bed  of  the  river.  From  either  side 
of  these  granite  nuclei  the  sedimentary  beds  incline  at  various  angles. 
The  Middle  Canon  is  about  three  miles  below  the  junction  of  the  Grand 
River  with  the  Blue,  and  is  much  the  most  extensive.  The  Lower  Caiion 
is  only  about  one-third  of  a  mile  in  length,  while  the  Middle  Caiion  is 
full  three  miles  long. 

The  anticlinal  ridge,  as  it  might  be  called,  is  really  an  extension  north- 
waitl  of  the  Blue  River  range,  and  forms  tlie  west  rim  of  the  Middle 
Park.  The  slopes  on  the  east  side  are  all  gentle,  and  are  mostly  com- 
posed of  the  quartzites  of  the  Dakota  group.    So  far  as  I  could  ascer- 
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tain,  the  quartzites  rest  directly  on  the  granite  nuclena  and  flex  over  the 
sides  like  a  gently  sloping  roof.  In  the  interval  between  the  western 
and  middle  ridges  there  are  several  small  rid^t^s  or  uplifts  of  the  gran- 
ites that  produced  small  anticliuals  and  synclinals.  There  is  one  about 
two  miles  above  the  Lower  Canon  and  between  it  and  the  Middle  Cailon ; 
the  variegated  beds  form  a  well-marked  synclinal.  Scattered  aronnd 
among  the  nplift(».d  masses  are  depressions  or  basin-like  valleys  that  are 
filled  with  the  modern  lake-deposits.  In  the  gorge  of  a  litth*  branch 
that  flows  into  the  Grand  from  the  south  side,  just  above  the  Ijower 
Canon,  there  is  a  bluflf-exposure  of  these  modern  deposits,  mostly  of  a 
deep  drab  or  flesh  color,  and  sometimes  are  50  feet  high,  with  three 
layers  of  sandstone  each  4  to  6  feet  in  thickness;  at  another  local- 
ity 200  to  300  feet  in  thickness  of  these  modern  deposits,  with  a  bed  of 
basalt  near  the  summit. 

Like  the  modern  lake-deposits  in  the  valley  of  the  Yellowstone,  they 
are  very  often  capped  with  a  basaltic  layer.  Tliere  is  no  doubt  that  dur- 
ing the  existence  of  the  Pliocene  or  Post-pliocene  lakes  there  were  re- 
peated eru])tions  of  basalt,  and  probably  there  were  hot  springs  which 
dissolved  the  silica  and  feldspar,  thus  producing  the  fine  materials 
which  have  entered  largely  into  the  composition  of  these  deposits.  Be- 
tween the  west  ridge  and  the  middle  ridge  there  is  an  interval  of  abont 
five  miles. 

In  this  interval  the  variegated  beds  seem  to  have  thinned  out  much 
from  the  west  toward  the  east,  and  here  they  rest  directly  on  the  gran- 
ites. 1  call  them  variegated  beds  from  the  great  variety  of  colors 
they  present.  Whether  they  be  Jurassic  or  Triassic  age,  or  both,  I 
could  not  tell.  I  only  know  that  the  well  marked  Cretficeous  bods  are 
immediately  above  them.  Immediately  below  the  Middle  Canon  the 
Grand  Kiver  flows  for  about  three  miles  through  what  I  would  call 
a  valley  of  depression ;  the  river  cuts  down  into  the  granite  base,  aiul 
at  the  iower  portion  of  the  little  basin  forms  a  narrow  canon  with  ver- 
tical sides  or  walls  50  feet  high,  while  on  either  side  granite  hills  rise 
1,000  to  15,000  feet  above. 

In  the  basin  and  resting  upon  this  granite  rock,  but  inclining  at 
various  angles,  is  a  considerable  thickness  of  the  variegated  group. 
Neither  on  the  middle  ridge  nor  in  the  valley  of  the  Blue  or  the  Grand, 
east  of  this  point,  did  we  observe  any  of  these  red  beds,  and  the  quartz- 
ites  of  the  Dakota  gi^oup  rested  directly  on  the  granites.  The  entire 
disappearance  of  from  4,000  to  0,000  feet  of  sedimentary  beds  within  so 
short  a  distance  is  certainly  worthy  of  note. 

I  have  mentioned  the  parallel  ridges  that  extend  across  the  Middle 
Park  in  a  nearly  north  and  south  direction,  through  which  the  Grand 
River  has  carveil  out  deep  canons. 

On  the  west  side  of  Blue  River  there  is  one  important  ridge  rather 
convex  in  form,  with  a  gianitic  nucleus.  On  the  west  side,  near  the 
pass  that  leads  over  into  the  valley  of  the  Blue  River,  is  a  singular 
mass  of  basalt,  with  a  form  so  peculiar  as  to  readily  attract  th<»  atten- 
tion of  the  traveler.  It  has  much  the  shape  of  a  huge  steamboat.  The 
materials  w-ere  eff*used  in  such  a  manner  as  to  form  a  series  of  thin  lay- 
ers, flexed  upward  at  each  end,  dish  like,  with  vertical  sides  100  feet  or 
more.  These  dishes  in  the  granite  nucleus  are  very  common.  In  some 
instances  the  effusion  of  the  basalt  has  changed  the  adjacent  rocks,  and 
in  many  cases  it  has  flowed  out  like  water  from  a  spring,  producing  no 
change,  but  simply  covering  the  surface  for  a  greater  or  less  distance 
with  the  igneous  rocks.  On  the  high  summits  of  the  surrounding  ridges 
caps  of  basalt  are  common,  giving  them  a  partial  tablelike  form. 
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As  we  descended  the  mountain-ridge  into  the  valley  of  the  Blue,  soon 
after  passing  the  summit,  we  found  the  quartzites  of  the  Dakota  group 
apparently  resting  directly  on  the  schists,  and  as  we  descend  the  gent)y 
sloping  east  side  we  here  find  sections  of  the  full  series  of  Crelaceous 
beds  inclining  not  more  than  from  5°  to  8^.  As  far  as  the  eye  could 
reach,  from  Mount  Powell  northward,  the  quartzites  of  the  Dakota 
group  laid  over  the  east  side  of  the  ridge  like  the  roof  of  a  house.  On 
the  east  side  of  the  Blue  there  is  a  high  Cretaceous  ridge,  mostly  above 
the  Dakota  group,  penetrated  in  numerous  places  by  dikes,  out  of  which 
great  masses  of  basalt  have  flowed  over  the  surface.  Tlie  river  itself 
for  a  distance  of  nearly  20  miles  to  its  junction  with  the  Grand  flows 
over  the  black-chiy  shales  of  ^io.  4  and  the  dark-gray  calcareous  shales 
of  !No.  3,  following  a  monoclinal  interval. 

The  tenaces  along  the  Blue  River  are  quite  noticeable.  There  are 
two  principal  ones,  but  these  not  unfrequently  break  up  for  short 
distances  into  several  smaller  ones.  On  the  east  side  of  the  Blue 
River,  near  the  junction  with  the  Grand,  and  on  the  north  side  of  the 
Grand,  are  isolated,  low  hiUs  of  granitic  schists,  around  the  sides  of 
which  the  Cretaceous  clays  are  elevated  at  moderate  angles.  As  we 
ascend  Grand  Eiver  even  the  Dakota  group  thins  out  to  a  considerable 
extent,  so  that  in  some  localities  it  is  quite  probable  that  the  entire  Cre- 
taceous group  is  wanting,  and  the  lignitic  strata  repose  on  the  schists. 
Above  the  junction  of  the  Muddy  the  valley  of  the  Grand  reveals  a 
good  thickness  of  the  lake-deposits.  The  terrac^^^s  are  also  quite  well 
marked,  rising  sometimes  80  to  100  feet  above  the  bed  of  the  river. 

MIDDLE    PARK. 

The  geological  structure  of  the  Middle  Park  has  been  so  carefully 
studied  by  Mr.  Marvine  that  I  will  pass  over  it  very  briefly.  The  geol- 
ogy is  very  complicated  and  of  great  interest;  but  in  oixler  that  it  may 
be  clearly  understood,  it  must  be  presented  in  great  detail  with  illus- 
trations. This  Mr.  Marvine  was  able  to  do.  In  1809  I  si)ent  a  few  days 
in  the  park,  and  the  results  form  one  of  the  chapters  in  my  annual  re- 
port of  that  season. 

The  variegated  beds  occur  in  the  southwest  portion  of  the  park  near 
Frazer  liiver,  beneath  the  Cretaceous  group,  and  though  far  less  con- 
spicuous than  on  the  east  side  of  the  front  range,  are  undoubtedly  of 
Jurassic  age.  Near  the  hot  springs  there  is  a  high  hill,  sometimes  called 
Mount  Bross,  to  which  I  directed  attention  in  1869.  It  is  composed 
almost  entirely  of  beds  of  the  Lignitic  group,  1,800  to  2,000  feet  high 
above  Grand  Iliver. 

From  this  hill  we  obtained  a  great  variety  of  fossil-leaves  characteristic 
of  the  Lignitic  group.  From  this  group  in  the  Middle  Park  Mr.  Lesqureux 
has  identified  Sapindus  anguHt{foliu8j  Staphylea  acuminataj  Planera  longi- 
foliaj  lihus  (Inpneja,  Glyptostrobua  europaeus^  Sequoia  aiujustifoliay 
FraxinusprmJicta,  UlmuH  tenuinerviSjMyricaactiminataj  llexsphenophyllaj 
Pterocarya  amencana^  Rhus  Ilaydeni,  Myrica  laiiloha.  Of  the  above- 
mentioned  species  S.  augiLsti/olia  and  Planera  longi folia  occur  in  ac- 
knowledged Tertiary  strata  near  Elko  Station,  Nevada,  and  the  former 
is  also  found  in  the  South  Park.  Ilex  sphenophylla  occurs  at  Green  River, 
The  GlyptoHtrobus  europaem  is  found  at  Fort  Union  and  in  the  arctic 
regions,  and  is  regarded  as  a  Miocene  species.  So  far  as  we  can  judge 
from  the  fossil-plants,  this  great  series  of  stratii  in  the  Middle  Park  must 
belong  to  the  Lignitic  group,  and  is  probably  of  Lower  Tertiary  age. 

On  the  north  side  of  the  Grand  Eiver,  about  the  source  of  Trouble- 
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some  and  Willow  Creeks,  and  between  those  two  streams,  the  aggregate 
thickness  of  the  Lignitic  gronp  cannot  be  less  than  4,000  feet,  and  it  is 
probably  greater  even  than  that.  This  is  made  up  of  sandstones  of 
various  texture  with  partings  of  clay,  the  entire  mass  having  the  dark, 
somber  hue  which  characterizes  the  same  group  about  the  sources  of 
the  Missouri  and  Yellowstone  Rivers. 

These  beds  have  been  so  thoroughly  studied  by  Mr.  Marvine  that  I 
allude  to  them  in  this  connection  simply  to  call  attention  to  the  possi- 
bility that  they  did  not  form  a  connection  originally  with  the  same 
gronp  on  the  east  side  of  the  range.  The  differences  in  thickness  and 
in  lithological  character  of  all  the  sedimentary  groups  in  the  Middle 
Park,  as  well  as  their  position,  indicate  that  a  portion  of  the  Front 
range  was  elevated  above  the  sea,  thus  cutting  off  this  portion  from 
the  east  side.  Although  the  peculiar  flora  of  the  Lignitic  period  is 
very  abundant  in  the  Middle  Park  series,  no  beds  of  coal  have  been 
observed  as  yet,  and  in  this  respect  they  offer  a  marked  difference. 

I  have  hitherto  been  disposed,  from  the  original  evidence  shown  at  the 
northward,  to  regard  the  physical  connection  of  this  great  Lignitic 
gi'oup  on  opposite  sides  of  the  mountain-ranges  as  proven,  but  there  is 
some  doubt  on  this  point,  and  I  now  await  further  proof. 


1{EP0RT  OF  ARCH.  R.  MARVLXE,  ASSISTANrOEOLOGIST  DIRECT- 
ING THE  MIDDLE  PARK  DIVISION. 


Washington,  D.  C,  June  19, 1874. 

Sir  :  I  submit  herowitli  my  report  on  the  geology  of  the  region  trav- 
ersed  by  the  Northern  or  Middle  Park  division  of  the  United  States 
Geological  and  Geographical  Survey  of  the  Territories  during  the  work- 
ing season  of  1873. 

The  field  was  taken  May  29  with  a  party  proper  consisting,  beside  my- 
self, of  Mr.  G.  R.  Bechler,  topographer ;  Mr.  S.  B.  Ladd,  assistant  topog- 
rapher; Sheppard  Madeva  and  Kobert  Mitchell,  packers,  and  George 
liowline,  cook ;  the  transportation  of  our  baggage  being  eflPect^d  by 
means  of  a  train  of  seven  pack-mules.  The  methnils  of  work  were  pre- 
cisely the  same  as  in  the  other  parties.  Messrs.  Gardner,  Holmes,  and 
Chittenden  accompanied  the  party  during  the  first  month  of  the  season, 
when  the  baseline  was  measured,  and  the  movements  so  directed  that 
the  stations  forming  the  first  expansion  of  the  primary  triangulation 
could  be  conveniently  visited.  When  Mr.  Gardner  left  to  continue  this 
work,  and  Messrs.  Chittenden  and  Holmes  to  join  their  respective  par- 
ties then  entering  the  field,  Messrs.  Enos  T.  Luce  and  S.  H.  Nealy,  gen- 
eral assistants,  joine<l  me,  and  the  work  was  directed  solely  to  serve  the 
purposes  of  the  detail  topogra[)liy  and  geology.  The  continental  diNide 
over  into  the  Middle  Park  was  permanentlj'  crossed  on  September  2, 
soon  after  which  Messrs.  Luce  and  Nealy  returned,  reducing  the  party 
to  its  original  number.  In  mid-October  the  breaking  up  of  the  season 
rendered  it  judicious  to  return  over  the  mountains  before  permanently 
closed  with  snow,  and  on  the  15th  of  the  month  we  turned  homeward, 
leaving  a  portion  of  the  work  in  the  vicinity  of  Breckinridge  incom- 
plete. Being  on  the  route  to  our  work  of  the  coming  season,  it  can 
then  be  conveniently  and  speedily  finished. 

The  area  actually  examined  during  this  interval  of  time,  so  that  both 
its  topography  and  geology  can  be  mapped  in  considerable  detail,  is 
nearly  four  t*iousand  square  miles,  which,  by  material  obtained  from  the 
land-surveys  upon  the  plains,  has  been  extended  eastward  to  include  a 
total  area  of  over  fifty -six  hundred  square  miles.  This  area  is  approxi- 
mately in  the  form  of  a  rectangular  belt  sixty  miles  wide  north  and 
south,  the  eastern  end  resting  on  the  western  border  of  the  great  plains 
and  including  Denver  City,  and  extending  westward  over  the  main  chain 
of  the  Rocky  Mountains,  and  across  the  Middle  Park  to  the  Park  range 
bordering  the  latter  on  the  west.  West  of  the  plains  there  are  no  large 
level  areas  to  facilitate  rapidity  of  work,  while  much  of  the  zone  of 
mountain  country  bordering  the  main  divide  on  the  east  not  only  pre- 
isents  peculiar  difficulties  to  rapid  and  at  the  same  time  accurate  map- 
ping, but  it  is  compai-atively  thickly  settled,  and  demanded  much  more 
time  for  its  completion  than  equal  areas  elsewhere.    Mr.  Beehler's  map 
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of  the  whole  region,  on  a  scale  of  two  miles  to  an  inch,  and  in  200  feet 
approximate  contours,  is  now  very  nearly  iinisbed. 

Geologically  the  area  surveyed  divides  itself  into  three  natural  dis- 
tricts: Krstj  the  sedimentary  rocks  of  the  plains;  second,  the  great 
system  of  archa^an  metamorphic  schists  and  granites  forming  the  Front 
and  Park  ranges,  with  some  minor  areas;  and  third,  the  sedimentary 
rocks  of  the  Middle  Park. 

On  account  of  the  "greater  length  of  time  spent  upon  the  eastern 
mountiiin-zone,  a  very  great  number  of  observ^ations  were  made  upon 
the  archiean  rocks  composing  it,  and  a  fair  insight  gained  of  their  gen- 
eral characters.  Though  the  sedimentary  rocks  were  much  more  rapidly 
passed  over,  yet  their  comparative  sim[)licity  of  structure  and  persist- 
ence of  lithological  characters  rendered  them  easier  of  study,  and  has 
permitted  of  my  plotting  all  my  observations  among  them  on  the  drain- 
age map  furnished  me  by  Mr.  Bechler  early  in  the  spring,  and  of  my  , 
completing  my  chapters  upon  them  to  the  full  extent  of  my  observa- 
tions. 

I  may  say  here  that  during  the  season  the  sedimentary  rocks  of  the 
plains  were  avoided  as  much  as  possible,  and  preference  given  to  the 
less-known  archsean  rocks  of  the  adjacent  mountains,  with  the  expecta- 
tion that  when  the  autumn  snows  should  have  driven  us  from  the  latter 
-work  couhl  still  be  prosecuted  among  the  former,  an  expectation  not  re- 
alized because  of  the  early  return  of  the  party  to  the  East.  In  order  to 
make  my  scattered  observations  among  these  sedimentaries  more  con- 
nected and  useful  I  have  thought  it  desirable,  therefore,  to  utilize  such 
other  published  observations  upon  them  as  I  have  been  able  to  find, 
chiefly  from  your  own  reports,  giving  credit  and  references  in  their  proper 
places. 

Notwithstanding  the  special  attention  given  to  the  archsean  rocks, 
their  far  greater  complexity  requires  that  before  the  large  number  of 
disconnected  observations  made  among  them  can  be  properly  discussed 
and  correct  resulti^  drawn  from  them,  they  should  first  be  carefully 
plotted  on  the  finished  topographical  map.  Since  this  is  as  yet  impos- 
sible, I  have  been  obliged  to  treat  this  subject — the  most  interesting  one 
presented  in  the  region  in  question — very  brieliy,  simply  giving  the 
most  general  impressions  received  while  in  the  field,  and  without  a  proper 
digest  of  the  notes  at  hand. 

Accompanying  the  report  I  submit  also  a  provisional  geological  map, 
colored  on  a  photographic  copy  of  the  dminage  mai)  of  the  district,  as 
accurately  as  it  can  be  done  on  a  map  expressing  no  to])ographical  feat- 
ures except  the  streams,  and  which  will  serve  for  oflice  use  until  the 
completion  of  the  final  map. 

The  report  which  Mr.  Ladd  makes  to  you  separately  on  the  means  of 
communic^ition,  elevations,  distribution  of  timber  and  agricultural  lands, 
^nd  population  within  the  district,  will  greatly  supplement  the  first 
chapter  of  my  report,  and  completes,  I  believe,  the  record  which  is  to 
appear  in  this  annual  report  of  the  material  gathei^ed  by  the  Middle 
Park  division  during  the  past  season. 

Besides  acknowledging  cordial  co-operation  from  all  members  of  the 
party,  I  wish  also  to  refer  to  the  many  services  volunteered  by  Messrs. 
Luce  and  Kealy  while  attached  to  it. 

For  aid  in  my  own  specialty  I  wish  to  particularly  recognize  the  serv- 
ices of  Mr.  Holmes,  Mr.  Ladd,  and  George  Bowline  in  the  field,  and  of 
Mr.  Ladd  and  Mr.  Holmes  in  the  ofilce,  for  to  them  are  chiefly  due  the 
sections,  maps,  and  views  iiccompanying  this  report.    To  Mr.  Berthoud, 
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of  Golden  City,  is  also  due  much  iDformation  about  the  coal-openings 
of  the  Territory. 

Eapid  preparation  of  a  summer's  observations,  together  with  absence 
during  publication,  must  atone  for  many  errors  which  will  inevitably 
occur. 

Very  respectfnllv,  vours, 

AECn.  R.  MARVINE, 
Assistant  Geologist^  Directing  the  Middle  Park  Division, 
Dr.  F.  V.  Hayden, 

In  Charge  of  the  United  States  Geological 

and  Geographical  Surrey  of  the  Territories, 


CHAPTER    I. 

AKEA,  NATURAL  DIVISIONS,  AND  PRINCIPAL  TOPOGRAPHICAL  FEATURES. 

The  territory  embraced  by  the  survey  of  the  Northern  or  Middle  Park 
division  during  the  summer  of  1873  is  included  between  the  parallels  of 
390  30'  and  40©  20^  north  latitude,  and  the  meridians  of  104©  45'  and  106^ 
30'  west  longitude.  It  forms,  therefore,  a  rectangular  area,  which  has 
a  width  north  and  south  of  about  sixty  miles,  a  length  east  and  west  of 
about  ninety-three  miles,  and  which  contains  nearly  five  thousand  six 
hundred  square  miles.  This  area  may  be  conveniently  located  by  refer- 
ence to  the  Union  Pacific  Railroad,  which  passes  about  fifty  miles  north 
of  its  northern  border,  on  which  side  it  is  directly  joined  by  a  similar 
area  of  the  fortieth  parallel  survey. 

The  eastern  portion  of  this  parallelogram  rests  upon  the  western  border 
of  the  great  plains  which  extend  uninterruptedly  from  the  Mississippi 
and  Missouri  Rivers,  and  includes  some  of  the  most  thickly  settled  por- 
tions of  Colorado.  Denver  City,  and  many  smaller  towns,  with  their 
railway  connections  and  surrounding  agricultural  regions,  are  here  sit- 
uated. 

The  middle  portion  of  the  district  is  traversed  north  and  south  by  one 
of  the  highest  portions  of  the  main  continental  divide,  with,  on  either 
hand  of  the  great  crest,  the  accompanying  zone  of  mountain  country, 
which  contains  nearly  all  of  the  more  important  metal-mines  of  the  Ter- 
ritory. 

The  western  portion  of  the  area  is  chiefly  occupied  by  the  several 
depressions  which  together  make  u^)  the  Middle  Park,  with  their  sepa- 
rating ridges,  and  is  limited  upon  the  extreme  west  by  the  Park  range. 
A  strip  along  the  southern  edge  of  this  poition  was  not  completed  by 
this  season's  work.  Regarding  its  broa<lest  topographical  features, 
therefore,  this  rectangle  may  be  considered  as  dividing  it^lf  naturally 
into  three  portions,  which  we  may  conveniently  designate  as  the  eastern 
portion,  or  the  plains,  the  middle  portion,  or  the  mountains,  and  the 
western  portion,  or  the  park.  So  far  as  drainage  alone  goes,  the  dis- 
trict as  a  w^hole  may  be  regarded  as  being  separated  by  the  nearly  north 
and  south  crest  of  the  main  mountain-divide  into  two  very  nearly  equal 
east  and  west  portions,  in  each  of  which  the  drainage  system  is  quite 
simple.  The  main  artery  upon  the  east  is  the  South  Platte  River,  which 
flows  diagonally  northward  and  eastward  across  the  plains  portion  of  the 
district.    All  the  streams  rising  at  the  eastern  base  of  the  main  central 
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ridge  flow  in  a  general  eastward  direction,  joining  here  and  tberc,  and 
witbin  the  limits  of  the  district  find  their  way  into  the  South  PJ«atte. 

In  the  western  half  of  the  district  the  drainage  is  somewhat  different, 
thongh  still  very  simple.  The  main  divide  not  only  paases  through  the 
center  of  the  district,  but,  at  the  north,  turns  westward  along  its  northern 
border,  while  at  the  south  it  also  turns  westward,  trending  along  the 
southern  border,  thus  inclosing  the  ]>ark  on  the  north,  east,  and  south 
sides.  From  all  sides  of  this  natural  rim  tlie  streams  flow  inward  to 
join  the  Grand  River,  which  flows  east  an<l  west  through  the  middle  of 
the  system,  forming  its  main  artery.  All  the  waters  thus  find  their  way 
out  of  this  basin  through  the  single  caiion  which  the  Grand  has  cut  across 
the  Park  range  at  about  its  middle  point,  and  flow  on  westward  to  join 
the  Colorado  River  and  the  Pacific  Ocean.  U|)on  the  north  the  North 
Park  givers  rise  to  the  North  Platte ;  upon  the  south  the  South  Park 
gives  rise  to  the  South  Platte,  and  both  flowing  eastward  their  united 
waters  finally  join  the  Missouri.  The  ^liddle  Park  is  thus  inclosed  by  a 
great  eastward  loop  of  the  main  continental  divide,  and  it  forms  the 
easternmost  point  north  of  Mexico  at  which  waters  flowing  into  the  Pa- 
cific take  their  rise. 

PRINCIPAL   TOPOGRAPHICAL  FEATURES — MAIN  DrV^lDE. 

The  crest  of  the  main  divide  crosses  the  northern  line  of  the  district 
in  longitude  105°  45'  west,  or  at  about  midway  of  its  length.  From 
this  point  its  trend  for  ten  miles  is  southeast  to  near  Long's  Peak, 
where  it  tiuns  directly  southward,  but  with  an  undulating  course,  a 
distance  of  sixteen  miles,  to  Arapahoe  Peak.  Along  this  line,  tlie 
range  is  an  exceedingly  formidable  one,  and  presents  all  the  features  of 
mountains  composed  of  granitic  and  schistose  rocks. 

The  eastern  face  of  the  crest  presents  an  almost  continuous  line  of 
amphitheaters  and  gorges  rimmed  with  preci[)itou8  walls,  which  rise  to 
a  serrated  crest  of  whi(!h  many  points  reacli  an  altitude  of  between 
thirteen  and  fourteen  thousand  feet  above  sea-level,  while  not  a  single 
pa«s  exists  except  such  as  the  most  exi)ert  mountaineer  might  with 
diflSculty  ascend.  Some  of  the  higher  points  exist  as  eastern  spurs 
somewhat  detached  from  the  main  ridge  ;  such  are  Long's  Peak,  (14,270 
feet,)  Mount  Audubon,  (13,190  feet,)  and  Smith's  Peak,  (13,090  feet,)  on 
either  side  of  which  are  the  deep-cut  gorges,  reaching  past  them  to  the 
steep  cliffs  beyond,  at  the  bases  of  which  the  banks  of  everlasting  snow 
are  constantly  eating  their  w.ay  farther  and  farther  into  the  range. 

Upon  the  northeast  side  of  Ix)ng's  Peak,  forming  its  very  face,  is  a 
sheer,  almost  perpendicular,  clifl",  over  3,000  feetf  in  the  clear,  reaching 
from  the  mountain-summit  to  the  timber  line,  the  grandest  wall  of  rock 
imaginable. 

The  western  side  of  the  main  divide  does  not  present  so  well-defined 
a  ridge.  Instead,  it  is  lined  by  a  zone  of  high  mountains,  from  five  to 
ten  miles  across,  which  falls  abrui)tly,  though  not  precipitously,  to  the 
great  trough-like  valley  of  the  ITpper  Grand.  It  is  cut  by  profound 
canons  draining  into  the  latter.  Upon  the  southwest,  this  rugged  mass 
is  sharply  limited  by  the  East  Fork  of  the  Grand,  while  Arapahoe  Pe^ik 
forms  its  southern  apex.  From  Arapahoe,  for  twelve  miles  directly 
south  to  James  Peak,  the  topography  changes.  The  crest  presents  a 
very  uniform  ridge  rising  but  little  above  timl>er-line,  and  for  i\\(i  miles 
near  the  southern  portion  scarcely  varying  200  feet  in  altitude.  As  at 
the  north,  the  eastern  face  of  this  ridge  is  precipitous,  falling  in  great 
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cliffs  to  a  series  of  amphitheaters  which  make  np  the  frout,  each  with 
Its  bank  of  snow  lying  up  agaiust  the  base  of  its  rocky  walls.  Some  of 
the  rouDded  spurs  reaching  eastward  between  these  amphitheaters 
afford  a  means  of  access  to  the  ridge.  Thus,  at  the  north  end  of  this 
depressed  region,  and  directly  at  the  base  of  Arapahoe  Peak,  is  the 
Caribou  Pass,  as  yet  not  well  opened,  and  unpromising;  about  midway 
of  its  length  is  the  Boulder  or  liolliusville  Pass,  (about  11,400  feet,)  now- 
reached  by  a  road  over  which  wagons  can  pass;  while  at  its  southern 
end,  below  the  walls  of  James  Peak,  is  the  James  Peak  trail,  a  wagon- 
road  from  Central  City  reaching  as  yet  only  to  the  base  of  the  Peak.* 

The  w  estern  slope  from  this  ridge  is  of  a  very  different  character  from 
the  eastern  slope.  Though  of  course  having  many  of  the  characteris- 
tics of  a  rugged  mountain  region,  yet,  as  compared  with  the  east  slope, 
it  has  no  precipitous  front,  but  its  massive  westward  spurs  fall  in 
rounded,  gently-molded  slopes,  not  separated  by  deep  canons,  to  the 
basin-like  depression  of  the  Frazier  River.  The  line  of  separation  be- 
tween this  region  and  the  rugged  mountain  area  at  the  north  is  exceed- 
ingly sharp,  and  is  occupied  by  the  East  Fork  of  the  Grand.  Bising 
from  the  canon  of  the  latter  on  the  north  and  east  is  the  maze  of  peaks 
and  rugged  ridges,  separated  by  profound  gorges  and  amphitheaters, 
which  drain  into  the  East  Fork.  The  south  bank  of  the  cafion,  however, 
is  cut  by  no  important  side  gorge,  but  only  by  local  gulches ;  and  rising 
up  its  steep  but  even  slope  the  summit  ridge  is  found  to  be  a  compara- 
tively smooth  table  or  plateau,  sloping  westward,  with  gentle  eleva- 
tions here  and  there.  All  these  massive  spurs  to  the  south  have  these 
more  gentle  slopes,  and  are  remarkably  similar  in  general  section. 

At  James  Peak,  (13,283  feet,)  there  rises  another  group  of  rugged 
mountain  points,  among  which  are  Mount  Parry  and  Mount  Flora.  Here 
the  divide  bends  more  and  more  westward,  and  after  making  a  southing 
of  about  five  miles  and  a  westing  of  about  ten  miles,  it  again  swings 
southward  for  seven  or  eight  miles  and  then  southeastward  for  about 
an  equal  distance,  taking  the  famous  Gray  and  Toney  Peaks  on  the  way, 
the  former  being  14,340  feet  high,  and  the  latter  but  about  5  feet  lower. 
Though  from  here  the  drainage  divide  turns  again  w^estward  and  south- 
ward, passing  into  the  South  Park,  or  middle  division  of  the  survey,  yet 
the  higher  ridge  runs  eastward  as  a  great  spur  which  culminates  in 
Mount  Evans,  a  great  massive  mountain,  which  rivals  Gray  and  Tori*ey 
in  altitude.  From  James  around  to  Evans  is  thus  a  great  western  loop, 
inclosing  the  headwaters  of  Clear  Creek.  It  represents,  also,  a  high 
mountain  region,  not  as  a  whole,  perhaps,  so  rugged  a^^  the  Long's  Peak 
mass,  but  more  extensive,  spread  out,  and  diversified  in  its  character, 
yet  possessing  some  of  the  grandest  mountain  features  and  most  im- 
l)res8ive  scenery. 

After  leaving  the  James  and  Parry  groups  of  peaks,  and  passing 
westward  along  the  northern  side  of  the  loop,  the  ridge  becomes  less 
rugged,  somewhat  resembling  that  north  of  James  Peak,  while  some  of 
the  separating  valleys  are  cut  to  the  timber  line.  One  of  these  forms 
Berthoud's  Pass,  (11,349  feet.  Parry,)  the  summit  of  which  is  not  much 
more  than  seven  miles  from  Empire  City,  on  the  North  Fork  of  South 
Clear  Creek,  and  over  which  a  wagon-road  exists,  and  a  narrow-gauge 
railway-line  has  actually  been  surveyed  over  to  the  South  Forks  of  the 
Frazer  River.  The  break  next  to  Berthoud's  Pass  is  called  Vasquez  Pass, 
(about  11,500  feet.) 

The  mountain  spurs  descending  northward  to  the  Frazer  here  pre- 

•For  pnHHes  and  moans  of  coinmiinication  generaUy,  with  information  given  more 
in  detail  than  here,  the  reader  is  referred  to  the  report  of  Mr.  S.  B.  Ladd. 
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sent  tlie  same  smooth  and  rounded  contours  as  those  on  the  east  side  of 
the  Frazer  basin.  From  the  northeast  corner  of  the  loop  a  hif^h  spur 
runs  out,  separating  the  Williams  and  Frazer  drainage,  and  culminat- 
ing in  Mount  Bjers,  (12,778  feet,)  one  of  the  most  commanding  points 
of  all  the  Park  region,  at  the  north. 

The  western  side  of  the  loop  is  a  rugged  mountain  ridge,  with,  I  be- 
lieve^ a  difficult  pass,  called  Jones's  Trail,  across  to  the  headwaters  of 
Williams  River.  The  descent  to  the  main  valley  of  the  latter,  along 
the  west  side  of  this  loop,  and  from  the  Mount  Byers  ridge,  is  in  great 
massive  spurs,  descending  rather  abruptly,  but  still  quite  evenly,  and 
cut  by  deep  gorges.  The  Gray's  Peak  ridge  is  much  the  same,  rugged 
and  grand,  yet,  on  the  western  side,  with  an  obvious  tendency  in  the 
spurs  to  a  general  plateau-like  area,  though  it  is  almost  obliterated  by 
the  many  canons.  Directly  beside  the  peak,  passing  almost  over  its  top, 
is  a  fair  trail  for  animals  to  pass,  while  a  few  miles  to  the  east  a  wagon- 
road  is  built,  crossing  the  range  at  the  Argentine  Pass  at  an  altitude 
of  about  13,200  feet,  and  connecting  Georgetown  with  Montezuma  and 
the  other  mining  towns  upon  the  headwaters  of  the  Blue  River.  Nearer 
Mount  Evans  a  trail  crosses  the  Evans  spur  from  Georgetown  over 
into  the  South  Park. 

Eastward  from  Evans  the  spur  is  continued  by  a  long  ridge-like 
line  of  hills,  reaching  nearly  to  the  plains,  and  separating  the  waters 
which  flow  southward  into  the  South  Platte,  and  without  my  district, 
from  those  which  flow  eastward  and  into  it.  It  forms,  with  the  course 
of  the  main  divide  upon  the  west,  a  natural  southern  boundary  of  the 
district. 

PRINCIPAL  TOPOGRAPHICAL  FEATURES  OF  THE  EASTERN   SLOPE. 

The  crest  of  the  main  divide  as  thus  traced  may  be  considered  as  pre- 
senting, as  a  whole,  a  flat  convexity  to  the  east,  on  which  side  its  prin- 
cipal characteristic  is  abrupt  slopes,  usually  in  high  precipices,  sur- 
rounding profound  amphitheaters.  Extending  eastwaid  from  these 
first  abrupt  slopes  is  a  zone  of  mountain  country  which  is  narrowest  at 
about  the  center  of  the  district,  where  it  extends  about  seventeen  miles 
east  from  the  main  crest,  but  widening  at  the  north  and  south  borders 
of  the  district  to  nearly  thirty  miles.  The  eastern  face  of  this  zone 
thus  presents  a  flat  concavity  to  the  east,  the  general  trend  of  which  is 
north  and  south,  while  the  depression  westward  in  the  center  is  about 
ten  miles. 

This  eastward  border  of  the  mountain-zone  is  exceedingly  sharp  and 
well  defined,  and  all  along  it  the  mountain-spurs  abruptly  "give  way  to 
the  plains  which  sti'etch  away  uninterruptedly  far  to  the  east. 

This  mountain-zone  can  in  nowise  be  regarded  as  made  up  of  dis- 
tinct ranges  or  a  system  of  ridges,  but  as  a  unit  in  itself,  having  charac- 
teristics which  hold  very  uniformly  over  nearly  all  its  parts.  From  be- 
neath the  precipitous  crest,  from  all  the  gorges  and  amphitheaters  at  its 
base,  flow  innumerable  sti^eams  which,  after  emerging  from  these  upper 
canons  into  the  smoother  highlands,  soon  collect  into  a  few  principal 
water- courses,  generally  uniting  where  thej'  are  not  in  deep  canons. 
Flowing  in  a  generally  eastern  course  these  gradually  sink  their  chan 
nels  deeper  and  deeper  into  the  rocks,  the  different  main  streams  unidiig 
their  canons  here  and  there,  and  finally  issue  from  their  deep-cut  gorges 
in  the  mountain-front  to  flow  out  into  the  plains  and  to  the  Plarte. 
Though  over  fourteen  main  branches  may  be  considered  as  rising 
within  the  fastnesses  of  the  main  crest,  their  united  waters  break  through 
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tbc  nioniitain-front  in  only  seven  points,  while  uniting  still  furtber  in 
the  plains,  but  Ibnr  principal  streams  reach  the  Platte. 

This  is  not  including  the  many  streams  which  rise  in  the  mountains 
east  of  the  crest,  some  of  which  unite  with  the  main  streams,  while 
others  break  in  minor  canons  from  the  mountains;  while  still  others  rise 
independently  in  the  plains,  forming  subordinate  branches  of  the  Platte. 
Of  the  first  class — those  rising  at  the  main  crest — may  be  enumerated, 
commencing  at  the  north,  The  Big  Thompson,  North,  Middle,  and  South 
Saint  Vrains,  Jim  Creek,  North,  Middle,  and  South  Boulder  Greeks, 
North  Clear  Creek,  Fall  Kiver,  North  and  South  Forks  of  South  Clear 
Ocek,  Chicago  Creek,  and  Bear  Kiver.  Of  the  minor  mountain-streams, 
those  rising  east  of  the  crest,  thei-e  are,  likewise  commencing  at  the 
north,  the  Little  Thompson,  Left-IIand  Creek,  Four-Mile  Creek,  Coal 
Creek,  Kalston  Creek,  and  Turkey  Creek.  Those  that  issue  from  the 
mountains  are  as  follows :  The  Big  Thompson,  Little  Thompson,  the 
united  Saint  Vrains,  the  united  Jim  and  Left-Hand  Creeks,  united  Four- 
Mile  and  North  and  Middle  Boulder,  the  South  Boulder,  Coal  Creek, 
Ealstou  Creek,  the  united  Clear  and  Chicago  Creeks,  Bear  and  Turkey 
Creeks ;  while  the  united  Thompsons,  the  united  Saint  Vrains  and  Boul- 
ders, the  united  Ealstou  and  Clear  Creeks,  and  the  united  Bear  and  Tur- 
key Creeks,  or  only  four  in  all,  join  the  Platte. 

The  tendency  of  these  cross-cutting  streams  is  to  throw  this  eastern 
mountain-area  into  east  and  west  ridges.    These  ridges,  however,  are 
seldom  shaq),  but  massive,  and  rather  thai,  striking  one  as  a  system  of 
ridges  it  impresses  one  as  a  system  of  deep-cut  river-channels.    Large, 
flat,  park  like  areas  are  numerous.    In  the  northern  two- thirds  of  this 
area,  approximately  parallel  with  and  a  few  miles  east  of  the  first  great 
slopes  of  the  divide,  is  an  inegular  zone  but  little  intersected  with 
canons,  and  these  not  deep,  and  varying  in  altitude  from  8,500  feet  to 
9,000  feet.    It  is  a  park  region  of  rolling  pine  sprinkled  surfaces,  with 
the  high  spurs  rising  on  the  west,  and  the  mouths  of  the  deep  gorgei$ 
which  extend  back  to  the  range  opening  out  upon  it.    In  going  ea^,  as 
the  canons  cut  deei)er  and  deeper,  the  spurs  perhaps  not  cbaogiog 
greatly  in  altitude,  traveling  north  and  south  becomes  almo^it  impossi- 
ble.   Throughout  this  region,  however,  except  Lilly  Mountain,  jiut  ea«t 
of  Long's  Peak,  and  Ralston  Butte,  between  Kalston  Creek  and  the 
South  Boulder,  there  is  a  remarkable  uniformity  in  the  hei^c  of  xhe^ 
ridges.    Their  tops  are  frequently  quit^  level  or  genth*  rounded:  wbile 
standing  on  one,  the  general  level,  which  seems  indicated  in  l&eir  tofis. 
is    \evy  striking.    South  of  Clear  Creek,  in  approaching  the  £vah.^ 
Ridge,  this  general  summit  level  is  more  iii-egalar.  the  ^nav  Cbie: 
and  Bergen  Park  Mountain  rising  t^)  exceptional  height*:  r«.even  Ler»-. 


large  areas  are  fn^quently  undulating  or  level,  forming  Uaniifal  park 
like  regions;   here  usually  occu])ied  as  farms  or  §at  pa^xcra;;-.    A^ 
viewed  from  the  plains  this  general  evenne^  of  ibe  io^  of  -Le  -  r >  :- 
hills"  is  very  striking.    The  majority  of  these  lifl^t^  rje  >.•...--:...- 
above  8,000  feet,  while  the  plains  along  tbeeafion  t»sit  •>f  '/-^r  :_ 
tains  average  not  far  from  5,600  or  6,000 for.    A  jfcv  p^/i:;-.*  al , ^    _- 
face  of  the  mountains  rise  higher  than  thecMBnriaLZjct::^:.^:-  :    "_- 
rear,  such  as  South  Boulder  and  Golden  P«a&&  aac  i>s^  C:— v!  -  _    i 
stand  close  to  the  mountain  edge. 

But  as  a  whole  the  mountain-zone  lying  bcnceL  -^zli  \  '.  -      ..  ^ 
the  plains  certainly  impresses  one  as  braix.  vf:&  ^  :>-r  .  -  1-  -  jn-* 
region  of  very  uniform  or  gently 
by  the  powers  of  erosion,  iierhaps 
into  a  mountain  area  of  which 
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PRINCIPAL  TOPOGRAPHICAL  FEATURES  OF  THE  MIDDLE  PARE. 

We  have  alrea<ly  seen  how  the  branches  of  the  Grand  join  it  from  the 
northeast  and  south,  like  the  rays  of  a  ^eat  irre^lar  leaf  uniting  with 
the  parent  stem.  Along  the  main  Gi*and,  es]>ecially  where  joined  by  its 
tiibntaries,  and  following  along  some  of  tbe  latter,  are  flat,  open  and 
treeless  areas,  whicb  may  be  considered  as  forming  the  Middle  Park 
pi*oper.  The  ridges  separating  these  tributaries  are  mostly  well  defined, 
some  reaching  altitudes  of  from  2,000  to  4,000  feet  above  the  adjoining 
streams.  These  are  mostly  of  sedimentary  rocks,  and  quite  different  in 
character  from  the  mountains  of  harder  metamorphic  rocks  forming  the 
main  range. 

The  Middle  Park  thus  differs  from  both  the  Korth  and  South  Parks 
on  either  hand,  which  are  much  better  defined,  large,  basin-like  areas 
less  broken  up  by  lociil  ranges.  Indeed,  the  Middle  Park  is  a  sort  of 
accidental  middle  ground  between  the  two.  The  more  important  geo- 
logical dividing  line  between  the  North  and  South  Parks  is  the  great 
fold  which  causes  the  massive  spur  of  metamorphic  rock  west  of  the 
Gray  Peak  mass,  joining  it  with  the  Park  i;^nge,  though  cut  through  by 
the  Blue.  Between  the  Middle  and  North  Park  no  such  profound  ,^oo- 
logical  fact  exists ;  there  is  no  foldiug  whatever,  but  the  divide  has  been 
determined  by  the  musses  of  hard  eruptive  rocks  which  have  here  found 
vent  and  protected  the  softer  rocks  below  from  erosion.  Indeed,  it  is 
just  possible  that  the  drainage  of  the  Middle  Park  once  had  its  (mtlet 
into  the  North  Park. 

In  speaking  of  the  more  special  topographical  features  of  the  Middle 
Park  region,  those  portions  adjacent  to  the  high  eastern  ridge  have 
already  been  referred  to.  Such  is  the  rugged,  canon-cut  mountain 
area  west  of  Long's  Peak,  separated  by  the  East  Fork  of  the  Grand  from 
the  more  gently-contoured  massive  spurs  to  the  south,  which  swing 
around  with  the  main  ridge  from  Arapahoe,  through  the  James  Peak 
group  to  Mount  Byers,  inclosing  on  the  east,  south,  and  west  sides,  and 
partially  on  the  north,  the  basin-like  drainage-area  of  the  Frazier.  The 
latter  river,  after  collecting  the  surrounding  waters,  escapes  from  this 
basin  by  a  caiion  carved  through  about  six  miles  of  the  low  northern  por- 
tion of  the  surrounding  granite,  and  enters  the  basin  of  the  Grand.  The 
main  fork  of  the  Grand,  before  joined  by  the  east  fork,  occupies  a  re- 
markably well-defined,  trough-like  valley,  trending  directly  north  and 
south.  Its  headwaters  rise  in  the  deep  gorges  separating  the  main 
range  from  the  high  southern  end  of  the  Medicine  Bow  Mountains, 
whose  northern  extension  forms  such  a  symmetrical  eastern  border  to 
the  North  Park.  But  where  it  crosses  the  north  line  of  the  district  the 
V  form  has  changed  to  the  U  form,  with  a  comparatively  flat  bottom, 
between  one  or  two  miles  broad,  while  the  ends  of  the  massive  spurs 
forming  its  sides  rise  abruptly,  but  in  rather  smooth  curves,  on  either 
hand. 

The  eastern  slope  of  the  valley  retains  its  height  and  character  all 
the  way  down  to  where  joined  by  the  East  Fork,  though  cut  by  the  many 
gorges  draining  the  mountain  area.  The  western  sloi)e,  at  the  north,  rises 
equally  high  and  steep,  though  the  crest  being  less  distant  it  is  cut  by 
lesser  canons.  Toward  the  south  the  top  of  the  ridge  becomes  smoother 
in  contour  and  gradually  falls,  finally  giving  way  to  the  flattish  region 
adjacent  to  the  Grand.  Here  the  latter  turns  westward  and  in  a  basin- 
like terraced  area  receives  the  waters  of  Willow  Creek  from  the  north 
and  of  the  Frazier  from  the  south.    Passing  on  west  it  flows  through 
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two  short  rifts,  or  breaks  in  upturned  strata,  to  the  Hot  Springs,  which 
by  their  reputation  and  position  virtually  form  the  center  of  the  Park^ 
Here  the  stream  enters  a  nhallow  canon  three  or  four  miles  long,  after 
which,  for  over  fifteen  miles,  it^  course  is  through  an  extensive  basin, 
much  of  the  region  along  its  lower  course  being  river-bottom  land. 
Williams  Eiver  joins  it  from  the  south,  while  Con'al  and  Troublesome 
Creeks  flow  into  it  from  the  north.  The  Muddy  from  the  north  and  the 
Blue  from  the  south,  however,  are  the  two  principal  tributaries  of  the 
Grand  and  join  it  at  nearly  the  same  point,  just  before  it  enters  the 
canon  through  the  Park  range  which  carries  it  from  the  Park.  This 
lowest  point  in  the  Park  is  about  7,180  feet  above  tide-water,  while  the 
Hot  Springs  are  7,700  feet,  and  Grand  Lake  approximately  8,150  feet 
above  the  same. 

The  Williams  River  takes  its  rise  in  the  deep  western  canons  of  the 
Clear  Creek  loop  and  the  Mount  Byers  ridge.  Issuing  from  this  granite 
country  it  flows  for  several  miles  through  a  wide  flat  basin  tributary  to 
that  of  the  I^ower  Grand. 

The  Mount  Byers  ridge  extencLs  from  the  base  of  that  mountain  as  a 
quite  straight  and  even-topped  divide,  separating  the  Fnizier  and  Will- 
iams waters,  and  falls  abruptly  to  the  Grand  at  the  Hot  Springs.  On 
the  west  side  of  the  Williams  Valley  is  the  long,  gentle,  eastern  slope  of 
the  symmetrical  Williams  River  Mountains,  which  reach  an  altitude  of 
about  11,400  feet,  or  nearly  to  the  timber-line. 

On  the  north  side  of  the  Grand  the  Willow,  Corral,  and  Troublesome 
Creeks  drain  an  area  which,  being  a  geological  unit,  has  uniform  topo- 
graphical features.  The  culminating  point  of  this  mass  is  Park  View 
Peak,  near  the  northern  line,  12,430  feet  high,  and  directly  overlooking 
the  North  Park.  On  either  side  of  Park  View  Peak  the  divide  between 
the  two  parks  falls,  the  descent  on  the  east  to  the  headwaters  of  the 
Willow  being  about  2,620  feet  to  an  excellent  pass  connecting  the 
parks;  a  serrated  region  of  not  much  greater  height  follows,  and 
finally  the  abrupt  rise  to  the  Medicine-Bow  Ridge.  South  of  this  line 
and  parallel  with  the  southern  end  of  the  latter  ridge  is  a  high,  even- 
topped  ridge,  reaching  to  timber-line,  which  is  quite  surrounded  by  the 
eastern  branches  of  Willow  Oeek.  West  of  Park  View,  between  the 
two  Troublesome  Creeks,  the  ridge  is  also  depressed  as  on  the  east,  but 
at  the  west  fork  it  rises  in  a  high  lava-capped  plateau,  falling  on  the 
west  to  the  Upper  Muddy.  The  next  point  of  elevation  of  this  mass  is 
Corral  Peak  and  White-Face  Mountain,  lying  south  of  Park  View,  be- 
tween the  Troublesome  and  Willow  Creeks  and  north  of  the  Hot 
Springs.  These  also  are  duo  to  lava  caps  protecting  the  softer  horizon- 
tal sedimentary  rocks  below.  Between  all  these  points  and  extending 
south  to  the  Hot  Springs  and  across  the  Grand,  somewhat,  is  a 
broken  country  chiefly  made  up  of  very  numerous  small  spurs  abutting 
against  the  streams,  in  all  of  which  the  tendency  is  to  a  more 
or  less  definite  terrace  form,  the  broken  terraces  rising  in  st^ps  to  the 
higher  lands  beyond.  The  two  forks  of  the  Troublesome  leave  this  region,, 
where  they  join,  and  for  the  rest  of  the  course  the  stream  is  in  a  flat 
basin  country  like  that  of  the  Lower  Williams  River,  tributary  to  the 
Grand.  This  lower  basin  is  separated  by  a  low  hilly  divide  from  the 
Lower  Muddv. 

The  diainages  of  the  Muddy  and  Blue  alone  remain  to  be  referred  to. 
Both  lay  at  the  eastern  base  of  the  Park  range,  and  form  very  well  de- 
fined valleys,  trending  in  nearly  the  same  general  direction,  and  facing 
one  another.  The-  valley  of  the  Upper  Muddy  is  broad  and  shallow, 
presenting  a  strong  contrast  to  most  valleys  of  this  country.    Its  gen- 
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eral  features  tbrougbout  are  rollingr-bills  upon  the  aides,  with  low  terrace- 
forms  uear  the  streams,  the  latter  being  cut  by  many  side-ravines.  All 
along  uiK)n  tbe  west  is  the  great,  rolling,  wave  like  ridge  of  the  I^irk 
range,  thickly  timbered  with  pine.  The  broad  bead  of  tbe  valley  is  a 
gentle  rise  over  into  the  North  Park,  the  divide  between  the  two  parks 
here  losing  its  character  of  a  defined  ridge.  On  the  east  rises  the  high 
table-land  separating  the  valley  from  the  Upper  Troublesome,  but  this 
soon  gives  way  to  tbe  low  ridge  separating  the  lower  waters  of  the  two 
streams.  Near  the  head  of  the  valley  is  a  prominent  point  called  tbe 
Upper  Muddy  Butte.  Near  its  lower  end,  a  similar  isolated  point,  rising 
at  the  end  of  the  low  divide  between  the  Muddy  and  Troublesome,  and 
called  tbe  Lower  Muddy  Butte,  narrows  tbe  valley  locally  before  it  enters 
the  Grand.  Tbe  general  course  of  tbe  valley  may  be  taken  as  south  15<^ 
or  2(P  east. 

The  valley  of  the  Blue  resembles  that  of  the  Muddj'  in  the  terrace  feat- 
ures along  the  stream,  but  it  is  a  narrower  and  more  strongly  detined 
valley,  thougb  by  no  means  of  the  order  of  canons.  For  the  lower 
twenty  miles  the  general  course  of  the  valley  is  north  40^  west.  A  few 
miles  from  tbe  mouth  and  on  the  east  the  Williams  River  Mountains 
commence  to  rise.  The  western  face,  or  that  sloping  to  the  Blue,  is  much 
Rt^eper  than  the  slope  to  the  Williams  Biver.  It  tends  to  a  terrace 
form,  being  of  strata  gently  dii)ping  east.  The  outline  is  very  sym- 
metrical, rising  in  long  slopes  and  gently-undulating  top  to  a  central 
point,  and  falling  again  in  going  south,  but  at  twenty  miles  from  tbe 
Grand  River  it  abruptly  joins  a  mountain  region  of  a  different  class, 
namely,  the  granitic  masses  west  of  the  Gray  Peak  group,  which  line  all 
tbe  remaining  eastern  side  of  the  Upper  Blue  and  quite  change  the  char- 
acter of  its  valley.  For  nearly  twenty  miles  south  of  tbe  Grand  the 
Park  range  on  the  west  retains  the  same  massive,  evenly-rolling  char- 
acter as  at  tbe  north.  But  suddenly  it  rises  to  one  of  the  most  rugged 
ridges  conceivable. 

The  backbone  of  this  ridge  is  near  its  western  side,  and  trends  about 
north  40O  east,  but  it  is  made  up  of  numerous  short  eastern  spurt», 
which  abruptly  but  pretty  uniformly  descend  along  a  line  nearly  par- 
allel witb  the  main  ridge.  All  these  ridges  arc  exceedingly  sharp,  and 
rise  to  a  very  uniform  and  general  level;  though  the  highest  point,  Mount 
Powell,  is  near  the  north  end,  and  reaches  an  altitude  of  13,285  feet. 

These  sharp  serrated  ridges  inclose  a  system  of  most  profound  gorges 
and  ampbi theaters.  The  main  ridge  is  broken  thi'ough  by  the  valley 
of  Ten-Mile  Creek,  but  is  immediately  continued  upon  tbe  south  by  a 
ridge  running  southward  to  the  Mount  Lincoln  group. 

GENERAL  GEOLOGICAL  DIVISIONS. 

The  three  general  divisions  to  which  attention  was  first  called — the 
plains,  the  mountains,  and  the  park — the  more  salient  topogra])hical  feat- 
ures of  which  have  just  been  described,  are  as  natural  geological  divis- 
ions as  they  are  topographical  ones,  and  will  be  considered  in  the  three 
following  chapters  in  the  order  mentioned.  The  one  next  following, 
Chapter  II,  in  the  sedimentary  rocks  east  ot  the  Front  range,  presents 
facts  observed  mostly  along  their  western  border,  or  near  the  mountains, 
together  with  observations  gathered  from  other  sources.  Chapter  III 
briefly  gives  some  general  results  of  observations  among  the  Archfean 
rocks  which  form  the  mountains,  and  thougb  this  study  was  made  prin- 
cipally upon  tbe  eastern  mountain  slope,  yet  the  results  appeared 
equally  applicable  to  any  other  of  the  crystalline  areas  observed  by  the 
writer.  Chapter  IV  deals  with  tbe  general  structure  and  distribution 
of  the  rocks  of  the  Middle  Park. 
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CHAPTEE  II. 


THE  SEDIMENTARY  ROCKS  EAST  OF  THE  FRONT  RANGE. 

Before  presenting  in  detail  the  isolated  facts  which  together  make  up 
our  knowledge  of  the  sedimentary  rocks  east  of  the  mouutaius,  and  iu 
order  that  these  facts  may  be  more  readily  understood  and  their  rela- 
tions rendered  apparent,  it  is  desirable  first  to  clearly  understand  cer- 
tain general  geological  features  which  underlie  the  whole  country.  These, 
though  familiar  to  most  geologists,  may  be  less  so  to  the  general  reader, 
and  1  will  endeavor  to  present  them  as  simply  as  possible. 

Attention  has  already  been  called  to  the  abruptness  with  which  the 
mountains  rise  from  the  plains.  The  two  types  of  topography  which 
are  separated  by  this  sharp  line  of  demarkation  are  not  more  wholly 
distinct  than  are  the  two  types  of  geology  which  it  also  separates. 

The  rocks  of  which  the  mouhtains  are  built,  and  which  will  be  more 
fully  treated  iu  the  following  chapter,  are  granite,  gneiss,  schist,  and  al- 
lied rocks,  which,  in  speaking  of  them  as  a  class,  it  will  be  convenient 
to  call  Arch(can^  or  metamorphic* 

These  metamori)hic  rocks  are  hard  and  crystalline  in  character,  and, 
occurring  in  large  and  comparatively  irregular  masses,  present  surface 
forms  which  are  peculiar  and  xevy  characteristic,  so  tliat  one  can  sel- 
dom fail  to  recognize  them  even  from  a  distance. 

Beneath  the  i)lains,  however,  there  is  found  a  class  of  rocks  which 
possesses  characteristics  exactly  the  opposite  of  those  just  mentioned. 
They  are  neither  so  hard,  nor  are  they  crystalline ;  and  instead  of  occur- 
ring in  large  and  irregular  masses,  they  lie  in  broad,  flat  sheets  or  strata^ 
resting  one  above  another,  and  stretching  unbrokeii  for  miles  in  all  di- 
rections. From  tht  Mississippi  and  Missouri  westward  to  the  mount- 
ains stretches  this  great  series  of  rocks,  composed  of  layers  of  varying 
thickness  of  sandstones,  limestones,  shales,  slates,  and  clays,  which  re- 
main much  as  they  were  when  first  laid  down  one  after  another  in  the 
bottom  of  the  vast  ocean  which  once  existed  here.  Since  this  ocean 
wras  gradually  drained  off,  the  ceaseless  action  of  the  rains  and  rivers  has 
in  places  removed  thousands  of  feet  of  these  rocks,  exposing  beds  which 
"were  once  deeply  buried,  and  in  which  we  can  occasionally  find  the  re- 
mains of  the  shell-covered  beings  which  still  earlier  lived  and  died  upon 
the  ocean-bottom,  or  the  skeletons  of  the  animals  and  plants  which  (peo- 
pled the  surrounding  shores,  and  were  swept  by  the  ancient  rivers  out 
into  the  sea  to  be  buried  with  the  then  forming  sediments.  It  is  but 
natural,  therefore,  that  the  surface  characteristics  of  the  great  plains 
and  rugged  mountains  should  differ  as  they  do. 

THE  MOUNTAIN  BORDER  REGION. 

But  let  us  examine  the  line  along  which  these  two  opposite  classes  of 
rocks  may  be  supposed  to  join.    This  line,  we  have  already  seen,  trends 

^  It  has  been  found  couveuieut,  or  rather  necessary,  for  geologists  to  give  definite 
names  to  certain  groups  of  rocks.  The  accepted  names  of  the  more  general  divisions, 
in  the  order  of  their  superposition  or  age^  commencing  with  the  oldest  and  proceeding  to 
the  most  receut|  are  here  given,  those  in  small  capitals  occurring  in  the  region  under 
discoflBion : 

1.  Arc&£an— most  ancient.  6.  Jurassic. 

2.  Silufiam,  7.  Cretaceous. 

3.  Decowkin.  i  Pliocene, 

4.  CarlHm{feroH8.  8.  Tertiary^  Miocene, 

5.  TuASsio.  {  Eocene. 

9.  Post-Tertiakt  and  recent 
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iipproximately  north  and  soiitb,  passing  about  twenty  miles  west  of 
Denver. 

AloDg  it,  the  sedimentary  rocks  of  the  plains,  instead  of  remaining 
horizontal,  with  their  edges  thus  abutting  against  the  steep  faces  of  the 
niount<'iin-rocks,  like  the  sands  along  a  rocky  shore,  are  found  to  be  all 
bent  or  folded  more  or  less  abruptly  upward,  tbeir  worn  edges  often  ^ 
rising  into  the  air  and  presenting  their  scarred  faces  to  the  mountains. 

It  becomes  evident,  therefore,  that  the  sedimentary  strata  rest  upon 
the  rocks  of  the  mountains,  and  that  the  latter,  descending  beneath  the 
former,  form  the  foundations  on  which  they  rest. 

This  upturning  of  the  sedimentary  rocks  along  the  mountains  is  illus- 
trated in  a  general  way  in  the  accompanying  diagramatic  sketch. 

Inasmuch  as  sediments  laid  down  under  water  cannot  end  abruptly, 
it  is  apparent  that  these  beds  must  once  have  been  extended  much 
farther  up  on  the  central  mountain-mass  than  now,  as  indicated  by  the 
dotted  lines. 

We  will  see  later  that  after  this  folding  of  the  rocks  took  place  the 
level  of  the  sea  long  stood  above  the  present  upturned  edges  of  the  sedi- 
mentary rocks,  and  that,  as  the  land  through  ages  gradually  emerged 
from  the  water,  the  wearing  action  of  the  slowly-retreating  waves  and 
of  the  usual  subaerial  erosion  gradually  removed  all  the  higher  portions 
of  the  strata,  working  back  their  edges,  until  they  are  left  as  we  now 
find  them. 

The  surface  of  the  country,  as  now  presented  to  us,  therefore,  is  duo  to 
the  action  of  two  causes :  first,  a  folding  of  the  rocks ;  second,  erosion  of 
those  higher  and  ever-enlarging  portioiis  which  slowly  appeared  above  the 
gradually-retiring  sea,  and  which  may  be  progressing  as  rapidly  now  as 
the  average  erosion  in  the  past. 

As  there  is  always  a  variety  in  the  hardness  or  oth^er  characters  of  the 
different  beds,  some  will  withstand  erosion  far  less  readily  than  others, 
and,  wearing  away  faster  than  theii'  harder  neighbors,  leave  the  latter 
rising  as  ridges  above  the  general  surface.  These  ridges  are  cut  through 
every  few  miles  by  the  streams  that  flow  down  from  the  mountains,  and 
while  the  immediate  effect  of  these  streams  is  to  carve  abrupt  notches 
or  caiions  through  the  ridges,  general  :iurface-erosion  tends  to  lower  their 
adjacent  ends.  As  seen  from  the  east,  therefore,  these  ridges  appear  to 
rise  gradually  out  of  the  plain  from  either  end  to  a  nearly  level  center, 
in  long  gentle  convex  curves,  and  they  have  thus  earned  for  themselves 
the  unfortunate  name  of  Hogbacks, 

But  there  are  other  beds  to  claim  our  attention  a  moment  than  those 
which  have  been  upturned.  The  erosion  which  has  molded  the  latter 
into  their  present  forms  has  be«n  much  longer  busy  in  the  higher  moun- 
tains, and  much  of  the  material  worn  from  them  since  the  folding  of  the 
rocks  took  place  has  been  deposited  in  flat  beds  near  the  mountain's  base, 
often  surrounding  and  quite  covering  the  hog-back  ridges. 

This  border  region,  which  varies  from  one  to  ten  miles  in  width,  may, 
then,  be  briefly  described  as  one  having  abrupt  mountain-masses  rising 
boldly  and  ruggedly  upon  the  one  hand,  and  rolling  plains  stretching  far 
past  the  eastern  horizon  upon  the  other,  while  along  it  the  worn  edges 
of  the  harder  upturned  strata  rise  in  long  parallel  ridges,  the  ends  of 
which  may  fall  either  abruptly  or  in  long  gentle  convex  curves  to  the 
valleys  of  the  cross-cntting  mountain-streams,  and  which,  rising  gently 
from  the  east,  fall  in  abnipt  escarpments  on  the  west  to  the  trough-like 
valleys  of  softer  beds  between,  in  places  all  well  exposed,  and  again  so 
nearly  covered  with  the  accumulation  of  more  recent  material  in  hori- 
zontal beds  that  the  higher  ridges  barely  peep  above  the  surface.    In 
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oxcoptional  canes,  harder  beds  may  rise  in  ridges  of  abnormal  height^ 
or  all  may  be  leveled  flat ;  the  rocky  fold  may  be  more  gentle  or  more 
abrupt,  or  complex ;  or  the  presence  of  volcanic  products  may  add  new 
features  to  the  scene.  Still  the  normal  structure  of  the  region  remains 
the  same. 

This  region  furnishes,  then,  the  key  to  a  knowledge  of  the  rocks  which 
underlie  the  plains,  and,  by  selecting  favorable  localities  for  exposures, 
we  may,  in  passing  from  the  mountains  eastward,  pass  in  succession 
across  the  edges  of  the  beds  from  the  lowest  to  the  uppermost.  It 
would  thus  be  found  that  a  thickness  of  probably  over  7.000  feet  of 
sedimentary  beds  has  partaken  of  the  folding.  These  beds  would  seem 
to  divide  themselves  naturally  into  four  groups,  which,  so  far  as  the 
present  burden  of  proof  goes,  are  referable  to  the  following  geological 
formations,  commencing  with  the  oldest:  Triassic,  Jurassic,  Cretaceous, 
and  Eocene(!).  The  upper  pai-t.  of  this  series,  from  the  Middle  Cretaceous 
up,  being  of  comparatively  softer  beds,  has  been  generally  eroded  back 
so  far  from  the  mountains,  and  to  such  a  level  and  grass-covered  sur- 
face, that  exposures  are  few  and  scattered,  requiring  for  study  more 
time  than  could  be  given  to  them  during  the  last  summer.  They  have 
received  special  study  from  others,  however,  so  that  some  general 
results  can  be  given  in  the  sequel.  For  the  present  we  will  confine  our 
attention  to  the  lower  portions  of  these  beds,  the  Triassic,  Jurassic,  and 
part  of  the  Cretaceous. 

In  describing  these  beds  it  will  be  found  convenient  to  regard,  first, 
their  more  detailed  structural  features,  as  lithological  characters,  age, 
&c.;  and,  second,  their  more  general  structural  features,  or  the  manner 
of  their  folding.  To  illustrate  the  first  class  of  facts  Plate  I  has  been 
prepared ;  and  for  the  second,  Plate  II,  (see  end  of  chapter,)  though  in 
dealing  with  either  class  it  will  occasionally  be  found  desirable  to  refer 
to  both  plates  at  once. 

On  Plate  I  are  gathered  sections  taken  at  six  points  along  the  zone 
of  hog-backs,  namely,  commencing  at  the  northern  one,  at  Little  Thomp- 
son Creek,  Bear  Canon,  lialston  Creek,  Golden  City,  (Clear  Creek,)  Bear 
Creek,  and  at  the  South  Platte.  The  thicknesses  of  the  beds  were  esti- 
mated, and  are,  therefore,  only  approximate,  but  checks  of  various  kinds 
were  used  to  prevent  any  gross  errors,  and  when  the  same  series  were 
observed  by  different  persons  the  results  were  generally  very  concord- 
ant. The  beds  whose  thicknesses  were  thus  obtained  have  their  limiting 
lines  carried  through  to  the  vertical  line  forming  the  left-hand  border 
of  each  section,  upon  which,  also,  spaces  of  100  feet  each  are  indicated, 
while  beds  expressing  general  characters  of  the  series,  but  not  so  ex- 
actly placed,  are  carried  through  only  to  the  line  next  to  the  left  edge 
of  the  section.  The  several  sections  are  placed  with  the  base  of  "  No.  1 
Cretaceous"  upon  the  same  horizontal  line. 

Throughout  the  series,  what  first  strikes  the  observer  is  the  marked 
absence  of  limestones,  and  the  great  predominance  of  sandstones. 
Limestones  exist,  it  is  true,  and,  considering  their  relative  thinness,  are 
very  i)ersistent,  forming  good  horizons  to  refer  other  beils  to,  bat  they 
are  wholly  subordinate  to  the  arenaceous  element. 

THE  TRIAS. 

General  characters. — Resting  directly  upon  the  smoothed,  though  often 
irregular,  surface  of  the  Archaean  rocks,  and  forming  the  lowest  member 
of  the  exposed  stratified  formations,  is  a  series  of  sandstones  which  varies 
in  thickness  from  over  1,600  or  2,000  feet  to  possibly  as  little  as  400  feet. 
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and  in  which  red  is  so  striking  and  predominant  a  color  that  they  are 
commonly  known  by  the  name  of  the  "  Red  Beds."  Though  shaly  stratA 
are  frequent,  and  the  whole  series  may  be  quite  soft,  yet  the  geueral 
thickness,  or  roassiveness,  of  the  strata  forms  another  prominent  and 
charaeteristic  feature. 

Most  of  these  sandstones  are  of  a  normal  red-sandstone  type,  varying 
from  coarse  grits  and  moderately  coarse  sandstones,  with  line  exam[)le8 
of  cross-bedding,  to  quite  Unegrained  and  shaly  layers.  The  latter 
occasionally  may  make  up  a  considerable  thickness,  but  though  occurring 
frequently  they  are  generally  so  intercalated  with  the  heavier  beds, 
that,  as  said  before,  a  sort  of  ma^8iveness  characterizes  the  group. 
Though  conglomerates  may  occur  anywhere  in  the  series,  they  are 
mostly  confined  to  near  the  base,  whore  they  are  often  plainly  derived 
from  the  subjacent  rock.  It  is  in  these  lower  parts,  indeed,  that  the 
beds  are  so  directly  made  up  of  the  material  of  older  rocks  nciir  by  that 
a  very  little  metamorphism  has  in  some  instances  made  it  difficult  to 
distinguish  small  masses  of  sandstone  from  the  underlying  granites. 
Dark  red  is  the  prevalent  color,  though  light-red,  yellow,  and  cream- 
colored  beds  are  frequent,  and  may,  in  places,  quite  predominate  over 
the  red.  This  is  more  noticeable  near  the  top,  while  the  conglomerates 
and  beds  directly  composed  of  granitoid  materials  are  also  generally 
gray  or  light  in  color.  Sometimes,  also,  a  peculiar  character  is  shown 
by  sharply  defined,  often  perfectly  circular  yellow  or  white  spots  up  to 
three-quarters  of  an  inch  in  diameter  scattered  upon  the  deep-red  back- 
ground, a«  if  drops  of  water  in  falling  on  the  stone  had  worked  the 
color  from  it.  This  would  not  necessarily  be  characteristic  of  this  for- 
mation, though  I  did  not  see  it  elsewhere. 

Although  the  surface  of  the  Archaean  rocks  below  is  more  or  less 
smoothed,  it  is  often  irregular,  and  occasional  bosses  of  granite,  &c., 
project  into  the  sandstone,  as  in  the  accompanying  instances,  (fig.  2,) 
observed  by  Mr.  Gardner,  near  Turkey  Creek. 

Xear  the  Big  and  Little  Thompson's  and  Saint  Yrain's  Creeks,  expo- 
sures indicate  a  general  shehdng  ofl^"  or  abutting  of  the  edges  of  the 
lower  strata  against  the  Archaean  rocks,  or  "overlap,''  a  point  of  inter- 
est to  which  attention  will  be  called  later. 

Had  opportunity  offered,  this  feature  would  probably  have  been  found 
all  along  the  base  of  the  mountains. 

Local  characters, — Toward  the  north  end  of  the  district  the  shaly 
character  is  more  marked  than  elsewhere.  At  the  Little  Thompson 
(see  Plate  I,  section  1)  the  series  has  a  total  thickness  of  about  750 
feet,  and  is  composed  of  soft  granite  sandstones  and  conglomenites  be- 
low, white  to  red,  with  coarse  soft  red  sandstones  above,  followed  by 
two  or  three  hundred  feet  of  shaly  sandstone,  the  whole  capped  by 
massive  red  sandstones  about  250  feet  thick,  but  generally  breaking 
into  from  two  to  three  prominent  layers,  with  thin  shaly  strata  between. 
Farther  north,  the  lower  beds  become  much  shalier  than  here,  while 
southward  the  shales  grow  hejivier  bedded.  In  this  northern  region, 
the  fact  that  the  more  massive  beds  are  confined  to  the  upper  part  of 
the  series,  combined  with  a  gentle  eastern  dip,  causes  the  surface  fea- 
tures to  differ  somewhat  from  those  farther  south.  The  long,  gentle 
eastern  s1o])es  of  the  massive  beds  are  denuded  by  erosion,  often  for 
several  miles  to  the  east  of  the  softer  series  of  rocks  which  would  lie 
above  them,  (and  yet  to  be  described,)  and  the  lower  series,  thus  occur- 
ring  alone  over  considerable  areas,  has  a  sort  of  geographical  individu- 
ality given  to  it.  It  is  this  feature,  a  result  of  the  more  massive  char- 
acter of  these  beds  as  compared  with  those  above,  and  this  alone,  which 
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Diagram  showinjr  the  relationn  of  t]io  Sedimentary  nKjks  of  the  plaiua  to  the 
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Example  of  irregnlar  Junction  between  the  Archjean  schiHts  and  .TuraHsic 
conglomerates  and  shales,  near  Tnrkey  Creek. — J.  T.  Gardner. 


Fig.  X 


To  illustrate  the  shelving  off  or  overlays  of  the  Traissic  Sandstone  on  the 
Archaean,  at  Dry  Oeek,  between  the  Big  and  Little  Tlioni])sou  Creeks. 
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makes  it  convenient  to  place  the  plane  of  separation  between  these  two 
lower  series  just  at  this  horizon,  there  being  no  fossils  known  in  the 
beds  to  afford  any  paleontological  grounds  for  a  separation  at  any  par- 
ticular plane. 

Gentle  folding  near  the  north  has  in  places  left  the  red  beds  forming 
several  ridges,  but  between  the  Saint  Vraiu  and  Left-Hand  Creeks 
they  run  into  one,  and  the  whole  series  occurs  as  a  simple  upturned 
ridge  dipping  away  from  the  mountains  at  an  angle  of  about  35°,  and 
as  a  simple  fold  it  continues  on  southward,  only  varying  much  in  dip, 
being  in  places  even  turned  slightly  past  the  vertical.  The  general 
characters,  as  given  at  the  Little  Thompson,  also  slowly  change  in 
approaching  Left-Hand  Creek.  The  series  thickens  slightly ;  the  top  is 
a  thickening  band  of  yellow ;  the  shales  have  diminished  in  amount, 
and  the  lower  part  has  less  conglomerate  and  yellow,  while  the  general 
softness  is  such  that  the  ridges  formed  are  not  prominent.  These  litho- 
logical  features  remain  much  the  same. to  Bowlder  City.  Here  a  sudden 
change  in  the  hardness  of  the  red  beds  occurs;  they  become  massive 
nearly  throughout,  and  all  the  lower  800  feet  is  of  a  deep  dark  red. 
The  hardness  is  so  increased  in  these  lower  beds  that  they  rise  in  a  high 
ragged  ridge  reaching  over  2,000  feet  above  the  plains,  and  even  con- 
siderably above  the  granite  buttresses  against  which  they  rest.  This 
ridge  of  hard  sandstone  reaches  south  far  enough  to  be  cut  by  both 
Bear  Canon  and  the  South  Bowlder,  the  cafion  of  the  latter  being  quite 
l)rofound,  while  between  the  two  caiions  the  ridge  attains  its  highest 
point  in  Bowlder  Peak,  one  of  the  stations  of  the  primary  triangulation. 
The  latter  is,  in  reality,  on  a  second  or  inner  ridge  of  sandstone,  which 
has  been  faulted  down  from  the  outer  one,  as  will  be  shown  more  in 
detail  later.  (See  Plate  II,  section  11.)  These  canons  give  excellent  sec- 
tions of  these  lower  rocks,  but  this  exceptional  hardness  at  this  point 
does  not  make  them  typical.  In  places,  however,  the  origin  of  the  lower 
sediments  is  well  shown,  being  often  composed  of  a  rather  coarse  aggre- 
gate of  quartz  and  feldspar,  with  frequent  pebbles  of  adjacent  quartzitic 
and  granite  rocks. 

Lying  over  this  lower  800  feet  of  red  beds,  which  thus  attain  an  alti- 
tude higher  than  any  other  sedimentary  rocks  east  of  the  Front  range,  are 
about  300  feet  of  free,  clean,  gritty,  siliceous  sandstone,  very  light  yellow 
in  color,  inclined  to  massive  in  bedding,  but  cleaving  with  a  fine  plane 
surface.  They  do  not  reach  very  far  ui>  on  the  higher  ridge  of  their 
harder  underlying  red  companions. 

Near  Coal  Creek  the  red  beds  have  again  become  softer,  and  are 
eix)ded  away  till  barely  exposed.  At  Kalston  Creek  they  again  rise  at 
a  low  angle  to  a  considerable  height,  but  only  to  again  fall  to  a  valley 
trough  a  few  miles  north  of  Golden  City,  where  they  begin  to  thin  out 
in  a  remarkable  manner,  and  at  that  city  scarcely  reach  a  thickness  of 
400  feet.  Their  relations,  however,  are  here  not  wholly  clear,  as  they  are 
quite  soit  and  have  been  eroded  nearly  away,  the  valley  trough  in  which 
they  should  outcrop  being  well  sod-covered.  They  dip  from  between 
40O  and  50^  near  the  granites,  which  form  the  very  abruptly  rising 
western  border  of  the  valley,  but  near  their  top  are  thrown  somewhat 
beyond  the  vertical.  Section  4,  plate  I,  is  scaled  from  a  section  given 
me  by  Mr.  Berthoiid,  of  Golden  City. 

South  of  Golden  City  the  red  beds  again  rapidly  thicken,  and  con- 
tinue to  thicken  all  the  way  southward  to  where  the  South  Platte  de- 
bouches from  the  mountains,  the  southern  limit  of  the  district,  where 
they  attain  a  thickness  of  over  1,000  feel.  Throughout  this  southern 
region,  though  still  massive  in  general  character,  they  are  yet  quite 
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'Soft,  atfd  though  often  forming  a  number  of  minor  ridges,  the  latter  no- 
where rise  in  prominently  continuous  hogbacks,  while,  on  the  contrary, 
they  may  be  quite  eroded  away  into  a  broad  valley,  with  the  Archcean 
rocks  forming  its  western  side,  the  beds  yet  to  Ik*  described  forming  their 
bounding  hog-backs  in  the  east.  They  often  rise,  however,  for  consid- 
erable distiinces  up  long  gentle  slopes  of  the  mountain  rocks,  which 
places  them  in  a  favorable  position  to  be  eroded  into  the  peculiar  and 
grotesque  forms  which  characterize  the  Garden  of  the  Gods,  which,  how- 
ever, is  in  a  very  ditl'erent  geological  horizon,  though  somewhat  simi- 
larly circumstanced.  The  curious  groups  of  worn  rocks  and  monuments 
thus  formed  sometimes  have  their  tops  worn  off  horizontally,  as  if  by  the 
surface  action  of  the  old  retiring  sea,  while  the  same  sub-aqueous  erosion 
has  in  places  smoothly  leveled  offconsiderablenreas  of  the  upturned  rocks, 
as  is  best  shown  a  few  miles  north  of  the  fc>outh  Platte.  (See  Phite  II, 
section  17.) 

THE  JURASSIC. 


General  characters. — The  series  of  strata  l.ving  next  above  the  red  beds 
form  a  group  of  rocks  in  which  the  thin  bedded  and  shaly  element  de- 
cidedly predominates.  The  outcropping  edges  of  these  beds  have  there- 
fore generally  been  more  eroded  away  than  the  harder  beds  above  and 
below,  so  that  they  generally  appear  in  valleys;  and  being  soil  covered, 
they  are  not  usually  well  exposed. 

The  arenaceous  element  still  predominates,  though  argillaceous  mate- 
rial is  often  present  to  a  very  large  extent,  while  beds  of  impure  lime- 
stone occur — one  of  which  appears  very  persistent — and  gypsum  is 
frequent  in  thin  layers,  and  sometimes  occurs  in  workable  quantities 
and  of  good  quality.  As  before,  red  is  the  prevailing  color,  though 
a  series  of  marked  variegated  colors  occur,  and  weathering  frequently 
produces  an  ashen-gray  tint  upon  the  surface.  A  brief  detail-description 
of  sections  taken  at  several  points  will  best  convey  an  idea  of  the  litlio- 
Ibgical  charactersof  the  series,  i)roceeding  in  each  case  from  above  down- 
ward. 


Section  of  Jurassic  beds  near  the  Beards  Churchy  Big  Thompson  Creel', 
Dr,  F.  V.Uayden^  Third  Annual  Beportj  1869,  re/>rt/if,  j).  125. 


No. 


5 


3 
2 
1 


Nature  of  strata. 


Top. 

Loose  drab-yellow  saDd,  debris  uf  underlying  beds,  one  limestone  2 
feet  thick. 

Limestone,  quite  pure,  blue,  semi-crystalline 

Varie^at«d  clays 

Ashen  clay,  with  six-tenths  feet  of  blue  cherty  limestone,  clay  part- 
ings  

Blueish  limestone 

Fine  bluish-brown  sandstone 

Massive  reddish-gray,  rather  fine  sandstone 

Base. 


Thickness 
in  feet. 


8 
200 

25 
4 
2 

20 
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Section  of  Jurassic  beds  exposed  near  Saint  Vrain-s  Creelc, 

Holmes. 


No. 


Nature  of  strata. 


j  Thickness 
in  feet. 


14 
1:5 
12 
II 

lU 
9 
8 
7 
6 
5 
4 


Top. 

Arjjillaceoiirt  sandy  shales,  variegated  and  irregular,  crumbling 

Hard,  blue,  beautiful  linicstonu,  »olid 

ArgillaeeouH  and  sandy  shales,  same  as  No.  15 

Fine-grained,  calcartjuus  qnartzite,  with  seams  of  crnuibling  gypsif- 

erous  shales 

Limestoue 

Shaly 

Red  sandstone 

Shales,  with  seams  of  qnai'tzite 

Shales  and  sandstones 

Soft  yellow  nuissive  sandstone 

Soft  red  massive  sandstones 

Red  shaly  sandstones 

Cherty  limestone 

Red  shal V  sandstones 


Total. 


Base. 


20 

4 

30 

20 
2 

r» 

4 

12 
20 

30 

GO 

200 

or 

300 


400-500 


Section  of  Jurassic  beds  exposed  iji  Bear  Camn. —  William  II,  Hohnes, 


No. 


Nature  of  strata. 


11 
10 


8 
7 
6 
5 
4 
3 
2 
1 


Top. 

Light  gray,  fine,  siliceous  shale,  almost  quartzite 

Saudstx>nes,  shaly,  variegated,  (white,  snuff,  orange,)  containing  a 

shaly  limestone 

Limestone,  hard,  gray ;  conchoidal  fractnre,  with  beds  of  variegated 

argillaceous,  arenaceous,  and  calcareous  shales 

Covered 

Soft  massive  sandstone,  white,  with  hard  siliceous  seams 

Limestone,  hard,  with  conchoidal  fracture ^ 

Covered 

Soft  white  massive  sandstone,  with  soft  greenish  concretions 

Soft,  red,  thin-bedded,  and  shaly  sandstones 

Siliceous  limestone,  porous 

Soft,  red,  thin-bedded,  and  shaly  sandstones 

Bottom. 
Total,  (about) 


Thickness 
in  feet. 


40 

42 

40 
20 
50 
6 
20 
30 

400 
20 

200 


370 


At  reinaliiiug  points,  tbougli  taken  in  less  detail,  the  sections  still 
show  the  general  features  of  tbe  series: 

Section  of  Jurassic  beds  exposed  near  Balston  Creek. —  WiUia-m  H.  Holmes. 

Thickness 
in  feet. 


6 

.*> 
4 
3 
2 
1 


Top. 
Variegated  shales,  mostly  argillaceous,  with  thin  beds  of  limestones 

and  sandstones 

White  sandstones 

Variegat^Hl  shah^s,  mostly  argillaceous 

Thin  red  sandstones  and  arenaceous  shales 

Cherty  limestone 

Red  sandy  shales - ■ 

Bottom. 
Total,  (about) 


270 
30 
40 

200 
20 

100 


a^o 
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Section  of  Jurassic  beds  exposed  n^ar  Bear  Creole. —  William  H.  Holmes. 


No. 


Xiiture  of  strata. 


Thickuesa 
ill  iuet. 


5 


4 
1 


Top. 
VariogAt^il  red  anil  green  arenaceous,  some  arg-llaceous  .shales,  \i7itb 

loose  brick-red  sandstonen  and  gypsum 20() 

Like  No.  5  above,  with  wbit^  or  riisty  yellow  sandstones K.K) 

Red  arenaceous  shales,  and  pnrple-red  sandstones I$<N) 

Cherty  limest'One,  bluish 'A) 

Red  arenaceous  shales,  like  No.  'A I  1I'>0 

BubO. 


Total,  (about) i  770 


Near  the  South  Platte  the  genoral  characters  remain  much  the  same 
as  near  Bear  Creek  ;  the  wliite  sandstones,  which  in  tlie  .'Section  (Plate  I) 
are  ])laceil  near  ihe  baseof  the  Jurassic,  should  more  probably  be  includ- 
ed in  the  lower  formation  as  tlie  equivalents  of  the  yellow  san<lstones 
at  the  top  of  the  Trias.  The  South  l^latte  section  was  made  by  Mv.  J.  T. 
Gardner. 

The  cherty  limestone,  near  the  base  of  this  group,  seems  to  be  a  very 
persistent  bed.  and  being  rather  hard,  often  forms  a  minor  hog-back 
ridge.  It  varies  slightly  in  character.  At  Bear  Canon  it  is  porous, 
with  the  silica  apparently  disseminated  through  the  bed.  A  rude  at- 
tempt here  at  making  lime  from  it  has  failed.  At  Balstou  Creek,  how- 
ever, the  silica  seems  more  concentrated  in  the  numerous  nodules  of 
pink  chert,  which  are  sprinkled  thickly  through  the  bed,  the  nmtrix 
being  compact  and  hard.  A  large  kiln  here  in  active  operation  seems 
to  be  making  a  very  excellent  quality  of  lime. 

Between  lialston  and  near  Golden  City,  and  again  at  several  points 
further  south,  more  or  less  rude  lime-kilns  have  been  built  for  the  pur- 
pose of  making  lime  from  this  bed,  the  product  usually  seeming  to  be 
very  white,  though  1  know  nothing  definite  of  its  adhering  qualities. 
Near  Bear  Creek  a  small  mill  was  erected  for  the  purpose  of  grinding 
the  gypsum  which  occurs  in  the  Jurassic  beds  near  by,  and  which  Dr. 
Hayden,  in  his  third  annual  report,  for  1869,  p.  130,  describes  as  fol- 
lows: "  The  gypsum  is  amorphous,  but  very  white  and  pure,  and  would 
make  the  finest  of  cast«  and  moldings.  Some  of  the  layers  are  sus- 
ceptible of  a  high  polish,  like  the  California  marbles,  only  they  are  of  a 
moi-e  uniform  white  color. 

It  is  possible  that  in  this  gi'oup  also  belongs  the  "  silica  in  a  state 
of  fine  division,"  or  an  "  aggregation  of  very  line  grains  of  quartz  '■ 
which  has  been  opened  at  Golden  City. 

THE  CRETACEOUS  No.   1. 

Next  above  the  last  groui>  of  strata  comes  a  series  of  sandstones, 
which,  though  only  from  one  to  tw^o  hundred  feet  thick,  form  a  more 
convenient  horizon  for  reference  than  any  group  in  the  sedimentary 
8eries.  Though  this  is  partially  due  to  its  well-defined  and  pretty  con- 
stant lithological  characters,  it  is  chiefly  due  to  the  fact  that  its  hardness 
is  so  constantly  and  so  considerably  greater  than  the  beds  either  above 
or  below,  that  it  forms  a  more  i>ersistent  bog-back  ridge  than  any  other 
group.    Except  when  cut  by  the  streams,  this  horizon  can  be  traced, 
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almost  without  losing  it  for  a  moment,  from  the  Big  Thompson  to  the 
South  Platte,  unless  it  be  somewhat  obscured  near  Golden  City.  Be- 
tween the  cross-cutting  streams  for  all  this  distance  and  beyond,  it  rises 
in  its  long  characteristic  ridge,  capping  the  soft  Jurassic  beds  below, 
and  whether  the  dip  be  high  or  low  its  top  usually  reaches  to  about  the 
same  general  level.  These  sandstones  are  usually  clean,  gritty,  even- 
grained  and  siliceous  in  texture,  varying  from  a  siliceous  conglomerate, 
on  the  one  hand,  to  a  hard  qiiartzite  on  the  other,  and  only  occa- 
sionally becoming  soft.  Their  color  is  usually  light  yellow  or  light  gray, 
or  even  white,  varying  to  rusty  yellow,  and  only  occasionally  red  in  the 
softer  portions.  These  are  the  hard  and  massive  portions  which  charac- 
terize the  group,  and  which  are  separated  by  thin  shaly  layers  which 
may  be  quite  argillaceous  or  even  carbonaceous  in  chai'acter,  with  many 
brokeu  remains  of  fossil  plants. 

Section  of  Cretaceous  ^o.  1  at  Bear  Canon. 


No. 


Nutnre  of  strata. 


3 
1 


Hani  Hiliccons  sandstone 

Same  us  3,  ^'itb  hard  bine  siliceous  slialcs 

Siliceons  sandstone,  gray  to  flesh-red  above, white  below ;  even-grained , 
particles  rather  free,  gritty  ;  few  feet  of  siliceous  conglomerate  at 
base ;  obscure  vegetable  impressions  near  top 


Total,  (about) 


Thickness 
in  feet. 


40 
50 


150 


240 


Dr.  Peale  has  allowed  me  to  use  the  folloAving  section  made  by  him 
near  the  South  Platte : 


Section  of  Cretaxieom  No.  1  near  the  Sotith  Platte  River. — Dr.  A.  C,  Peale. 


No. 


3 
2 
1 


Nature  of  strata. 


Grav  and  yellow  sandstone,  rather  massive  ... 
Shaly  sandstone,  carbonaceous,  Proteoides,  &c 

Fme-graiued  wliite  sandstone 

Rusty-yellow  sandstone,  rather  massive 

Total,  (about) 


Thickness 
in  feet. 


70 

12 

3 

300 


385 


**  !N'ear  the  summit  of  the  sandstone-ridge  No.  1,  on  Turkey  Creek,  there 
is  an  asphaltum  spring  which  has  been  wrought  for  oil.  A  considera- 
ble thickness  of  the  sandstone  seems  to  be  thoroughly  saturated  with 
the  pitch  or  bitumen,  and  between  the  layers  of  the  sandstones  are 
accumulations  of  tar.  This  spring  is  located  on  the  east  side  and  near 
the  summit  of  the  'hog-back.'"* 

CRETACEOUS  NO.  2. 

In  this  group  we  have  a  series  of  shaly  beds  which  may  be  either 
highly  argillaceous  or  quite  arenaceous  in  character,  there  being  as- 
sociated with  them  in  either  case  a  few  thin  brown  sandstones,  the 


*  Hayden,  Thbrd  Annual  Report,  18(30,  reprint,  p.  13C. 
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total  thickness  varying  from  aboat  200  to  400  feet  iu  thickness, 
following  sections  will  best  illastrate  these  beds : 

Section  of  Cretaceous  Xo.  2  at  Little  Thompson  Creel:. 


The 


No. 


3 
2 


Nature  of  strata. 


Thickness 
in  feet. 


Dark,  thinly  laminated  cmnibling  fihaleSt  some  Hlates  I  to  3  feet  thick, 
with  interlaminated  beds  6  to  1^  inches  thick,  of  line  compact 
drab  argillaceoos  limestones 

Black,  finely  cmmbling,  argillaceons  shales,  some  slates,  and  few 
light-snud'-colored  saudstoucs  cleaving  in  slabs 

Light-yellow  and  snufi-colored  siliceous  sandstone 

Black,  crumbling  shales,  with  broken  and  jointed  argillaceous  sand- 
stones   ! 

Fine    black,  crumbling  shales,  with  brown  sandstones  1  to  3  feet  I 


thick 


Total,  (about) 


50 

\^> 
5 

GO 

120 


400 


Section  of  Cretaceous  Ko.  2  at  Bear  Canon. 


No. 


3 
2 
1 


Nature  of  strata. 


Thickness 
iu  feet. 


Light,  calcareous  shales 

Argillaceous  limestoue 

Covered  (pit  sunk  for  coal)  black  argillaceous  shale  (7) 

Total,  (about) 


12 

6 

100 


120 


It  will  be  observed  that  between  the  Big  Thompson  and  Bear  Canon 
a  decided  change  has  taken  place,  not  only  in  thickness,  but  also  in 
character.  At  ]lalston  Creek  the  argillaceous  element  again  predomin- 
ates, there  being  light-gray  shales  below,  and  very  black  argillaceous 
shales  near  the  upper  part  of  the  series.  At  Boar  Creek  these  beds  ai*o 
also  mostly  argillaceous  in  character,  and  are  about  250  feet  thick.  Be- 
tween Bear  and  Turkey  Creeks  small  amounts  of  brown  iron-ore  in  con- 
cretions have  been  obta.ined  in  the  shales  of  No.  2.  llere,  also,  upon 
the  outcropping  edges  of  No.  2  are  some  small  lakes  impregnated  with 
carbonate  and  sulphate  of  soda  to  the  extent  of  33  per  cent.  They  are 
described  by  Dr.  Hayden  in  his  report  for  1809,  page  137.  The  analy- 
sis of  the  salt  from  the  evaporated  water,  hy  Tersifor  Frazer,  jr.,  was 
as  follows:*  "A  white,  elHorescent  salt,  falling  to  powder  on  exposure 
to  the  air,  and  containing — 

Sulphate  of  soda 63. 87 

Sulphate  of  lime 0.  70 

Chloride  of  sodium,  sulphate  of  magnesia,  &c 4. 55 

Water  of  crystallization  of  the  elHorescence 21. 88 '' 

CRETACEOUS  No.  3. 

Cretaceous  No.  3  forms,  like  No.  1,  another  excellent  horizon  for  refer- 
ence.   Though  forming  a  ridge  not  nearly  so  well  marked  nor  so  per- 

^ -  ■  ■         I  ■  M  ,  _  _  T 

*  Haydeu's  Keport,  lft«70,  p.  1«7. 
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sistent  as  No.  1,  yet,  when  it  does  api)ear  above  more  recent  accumula- 
tions, the  fact  that  it  is  of  a  decidedly  calcareous  character  and  tbat  it 
usually  contains  numerous  fossils  renders  it  easily  recognized.  A  com- 
plete section  of  No.  3  ¥ras  not  obtained  at  any  point,  though  the  lower 

beds  were  observed  at  a  few  places. 

. 

Section  of  the  lotcer  beds  at  Cretaceous  No,  3,  at  Bear  Cano^x. 


No. 


2 
1 


Natare  of  strata. 


^  River  terrace ;  horizontal ;  recent. 

Dip  25^  east. 

Limestone,  tbin  sbaly,  argillaceous,  slate-color  weathering  wliitc-gray ; 
near  base  beds  are  2  to  5  inches  thick ;  argillaceous  and  arcnaceons 
above,  growing  n)ore  calcareous  below ;  seams  of  gypsum,  odor  of 
petroleum,  some  fossils 

Covered 


Like  3,  but  more  calcareous ;  near  top  some  beds  of  massive  compact 
limestone^  3  feet  thick,  light-gray ;  fossils  quite  numerous,  Inocera- 
mus 


Thickneas 
in  feet. 


45 
40 


20 


Section  of  the  lower  beds  of  Cretaceous  No.  3,  at  Little  TJiompso7i  Greelc. 


No. 

Nature  of  strata. 

Thickness 
in  feet. 

4 

Terrace  of  very  coarse  gravel  and  bowlders  ;  horizontal ;  recent. 

JDii>50^c'a8^ 

Yellow  shaly  limestone,  impure,  weathering  white  or  light-gray 

IJlne-crrav  shalv  limestone,  impure ...... 

20 
100 

2 

Dark-crrav  shalv  and  thin-bedded  limestone 

10 

1 

Light-gray  compact  limestone,  betls  one  to  2  feet  thick,  some  shaly ; 
fossiliferous ...... ....... .... ............. ...... ...... ....... ...... 

20 

A  nide  kiln  had  been  erected  on  the  lower  bed  here  for  burning  lime, 
making,  as  I  was  told,  a  good  quality  though  not  very  white.  The  thin- 
bedded,  impure,  calcareous,  and  fossiliferous  character  seems  generally 
to  characterize  the  beds.  The  odor  of  petroleum  is  also  often  quite 
marked,  but  not  so  much  so  as  west  of  the  mountaiiiwS.  At  Bear  Creek, 
No.  3  was  about  90  feet  thick,  but  no  section  was  made. 


CRETACEOUS  NO.  4  AND  NO.  5. 

Unfortunately  opportunity  did  not  ofifer  to  study  in  detail  the  dark 
shales  of  No.  4,  and  rusty  yellow  and  gray  arenaceous  rocks  of  No.  5. 
The  former  were  observed  to  be  about  300  feet  thick  near  Bear  Creek, 
but  no  detail-section  was  made.  At  several  points  characteristic  fossils 
were  obtained  from  the  beds,  which  are  quite  well  exposed  and  fossil- 
iferous near  Balston  Creek ;  but,  as  before  remarked,  the  softer  charac- 
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ter  of  these  upper  beds  Las  eansed  tliem  to  be  rather  poorly  exposed^ 
and  the  mountain  work  left  not  sufficient  time  for  their  proper  study. 

Before  turning  to  the  consideration  of  the  overlying  beds  it  will  be 
well,  now  that  their  lithological  characters  have  been  described,  to  ex- 
amine the  reasons  for  separating  the  preceding  beds  into  the  divisions  in- 
dicated, viz,  the  TriassiCy  Jurassic^  and  Cretaceous^  ^os.  1,  2,  3,  4,  and  5. 

In  1869  Dr.  Ilayden  passed  along  the  base  of  the  mountains,  and  in 
his  report  for  that  year  described  these  beds  at  the  many  i)oints  at  which 
he  touched  them.  Having  traced  them  from  regions  where  they  were 
typically  developed  he  easily  assigned  them  to  their  proper  horizons, 
and  my  classification  is  but  a  reflex  of  his.  The  reasons  for  his  classifi- 
cation he  also  gives,  but  at  scattered  points  through  the  report.  I  hope 
I  may  be  pardoned,  therefore,  if  I  undertake  to  throw  the  evidence  which 
bears  on  the  age  of  these  particular  beds  in  Colorado  into  a  little  more 
detinite  form. 

The  Cretaceous  age  of  the  groups  numbered  1, 2, 3, 4,  and  5  cannot  be 
questioned. 

From  Nos.  3  and  4  especijilly  the  characteristic  Inocerimi^  Ogtr^(rj  hacu- 
UieSy  scaphiteSy  ammonites^  &c.,  determine  their  Cretaceous  age  conclu- 
sively. The  western  Cretaceous  was  first  satisfactorily  studied  by  Dr. 
F.  V.  Ilayden  and  Mr.  F.  B.  Meek,  in  the  Upper  Missouri  country,  and 
afterward  by  the  former  in  the  Black  llills,  and  five  well-marked  divis- 
ions were  there  clearly  made  out,  having  well-defined  Jurassic  below 
and  Tertiary  above. 

These  divisions,  with  their  lithological  and  paleontological  characters, 
were  first  given  in  the  proceedings  of  the  Academy  of  Natural  Sciences 
of  Philadelphia,  May,  1857,  and  subsequently  reproduced  in  tabular 
form  in  Dr.  Hayden's  first  annual  report,  18C7,  reprint,  page  41).  They 
may  be  expressed  briefly  as  follows : 

General  section  of  the  Cretaceous  rocks  of  Xchraska. 

No.  5.  Fox  mil  beds. — Gray,  femiginous,  and  yellow  BandstoucH,  and  arenaceous 
clays. 

No.  4.  Fort  Pierre  groups.— Dark-gray  and  blnish  plastic  clays. 

No.  3.  Niobrara  division, — Lead-gray' calcareous  marls,  and  massive  layers  of  chalky 
limestone. 

No.  2.  Fort  Benton  group. — Dark-j^ray  or  black  laminated  clays,  sometimes  with  lime- 
stones near  top  and  sandstones  near  base. 

No.  1.  Dakota  group. — Yellowish,  reddish,  and  occasionally  white  sandstones,  with. 
At  places,  some  clayey  beds  and  dicotylodenoiis  leaves. 

The  general  resemblance  between  these  five  divisions  and  the  cor- 
responding ones  in  Colorado,  but  for  the  great  distance  separating  the 
two  localities,  would  naturally  suggest  their  direct  co-relation  and 
identity. 

Dr.  Hayden  has,  however,  directly  traced  them,  except  some  easily- 
passed  gaps,  across  the  intervening  region,  thus  establishing  their 
identity. 

In  his  third  annual  report,  1801),  page  121,  he  says : 

Quite  marked  changes  occur  in  the  sediments  of  these  divisions  in  diflVrent  parts  of 
the  West,  but  by  follDwing  them  continuously,  in  every  direction,  from  their  typical 
appearance  on  the  Ujiper  Missouri,  the  changes  are  so  gradual  that  I  have  never  lost 
Bight  of  them  for  a  mile,  unless  concealed  by  more  recent  deposits. 

Again,  page  114,  in  speaking  of  the  Cretaceous  in  Colorado,  he  says : 

At  various  localities  aU  along  the  margin  of  the  mountain  ranges  these  divisions  of 
the  cretaceous  are  far  less  distinctly  separated,  and  vary  more  or  less  in  their  structure 
and  composition,  and  yet  in  tracing  them  carefully  and  continuously  from  the  Mi^j- 


MABVTXE.]     GEOLOGY — ^EAST   OF   FRONT   RANGE— CRETACEOUS.         105 

souri  River  they  always  retain  enongli  of  their  typical  character,  so  that  I  have  never 
been  at  a  loss  to  dete*^ct  their  presence  at  once,  although  after  leaving  the  Missouri 
River  we  do  not  find  any  well-defined  lines  of  separation,  either  lithologically  or  pale- 
on  tologically. 

In  Colorado  the  want  of  fossils  in  No.  1  has  made  its  position  the 
most  uncertain  of  any  of  the  five ;  but  Dr.  Peale's  discovery  in  the«e  beds 
of  the  fragments  of  leaves  in  his  section  near  the  South  Platte  seems  to 
fix  this  horizon  with  quit^  a  degree  of  certainty. 

Professor  Lesquereux,  in  writing  to  Dr.  Poale  in  relation  to  tliese 
leaves,  sa  js  that  these  are  fragments  of  a  ProUoides^  very  near  ProteoideH 
acuta,  (Heer,)  if  not  a  small  form  of  the  same.  As  yet  no  leaf  of  this 
genus  nas  been  recognized  in  our  American  measures  higher  than  the 
Dakota  group,  or  No.  1.  These  sandstones,  then,  probably  lie  at  the 
base  of  the  Cretaceous. 

In  the  so  called  Jurassic  and  Triassic,  I  believe  that  not  a  single  fossil 
has  rewarded  this  summer's  search.  In  the  Upper  Missouri,  not  only 
does  well-defined  Jurassic  underlie  No.  1,  so  that  we  might  expect  to 
find  it  beneath  No.  1  in  Colorado,  but  Dr.  Hayden  has  traced  it  also 
directly  to  Lake  Como,  near  the  Union  Pacific  liailroad,  where  it  con- 
tains well  defined  Jurassic  fossils. 

In  tracing  it  further  south  along  the  base  of  the  mountains  the  fossils 
disappear ;  but  in  a  section  exposed  on  the  Box  Elder  Creek,  north  of 
the  Big  Thompson,  Dr.  Hayden  found  some  beds  which  he  described 
(report,  1869,  p.  119)  as  ''  undoubtedly  the  usual  Jurassic  beds,  with  all 
the  lithological  characters  as  seen  near  Lake  Como,''  and  containing  a 
species  of  ostrea  and  fragments  of  Pentucrinus  asteriscusy  a  characteristic 
Jurassic  fossil.  These  beds  are  the  same  that  occur  near  and  above  the 
cherty  limestone  in  the  sections  which  I  have  described  as  Jurassic,  and 
seem  to  settle  the  correctness  of  their  assumed  age  as  decisively  as 
possible  without  the  direct  finding  of  fossils  in  the  very  region  under 
discussion. 

THE  TRIASSIC  BEDS. 

The  correctness  of  the  assumption  of  this  age  for  the  red  beds  depends 
only  upon  their  position  in  relation  to  other  beds  of  known  age,  for  no- 
where that  I  know  of  have  fossils  ever  been  found  in  these  beds. 

Somewhat  north  of  my  district,  and  between  the  Cache  a  la  Poudre 
and  Cheyenne,  there  appears  between  the  red  beds  and  the  Archaean 
rocks,  outcrops  of  Carboniferous  rocks,  so  that  the  red  beds  here  lie  be 
tween  Carboniferous  and  Jurassic  rocks.  West  of  the  Middle  Park, 
where  all  the  upper  beds  retain  their  charaeters  as  ea«t  of  the  mount- 
ains, the  development  of  the  Carboniferous  beneath  the  red  beds  is  far 
more  marked,  and  consists  principally  of  a  second  series  of  red  beds  of 
deeper  i)urple  hue  than  those  referred  to  the  Triassic. 

Leaves  gathered  from  the  upper  measures  of  these  by  Dr.  Peale  are 
referred  by  Professor  Lesquereux  to  the  Permian.  Unless  the  red  beds, 
then,  are  referred  to  the  Triassic,  there  will  be  an  unoccupied  gap  be- 
tween the  Permian  and  Jurassic  ages:  nor  would  we  know  to  which  of 
these  ages  the  beds  in  question  could  Be  more  properly  referred.  Until 
fossils  are  found,  therefore,  to  definitely  settle  their  age,  it  seems  most 
reasonable  to  refer  them  to  the  Triassic. 

I  have  already  spoken  of  tlie  iudefiniteness  of  the  line  between  the 
Triassic  and  Jurassic,  and  have  suggested  the  convenience  of  placing 
this  arbitrary  line  above  the  more  massive  portions  of  the  red  beds,  and 
above  the  massive  siindstoues  which  usually  cap  them,  and  not  far  be- 
low the  cherty  limestone. 
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THE  LIGNITIC  FORMATION,  * 

We  turn  now  to  tbe  consideration  of  the  fjroup  of  rocks  which  lies 
directly  superimposed  upon  the  Cretaceous  beds,  and  which,  economi- 
cally considen»d,  is  of  more  iraportnnce  than  any  of  the  preceding 
formations.  This  is  tiie  formation  that  contains  in  its  lower  portions 
the  lifcnites  of  Eastern  Colorado.  To  what  epoch  of  geological  time 
this  group  of  rocks  should  be  referred,  whether  it  should  be  considered 
as  an  upward  extension  of  the  preceding  cretaceous,  or  the  commence- 
ment  of  a  more  recent  epoch,  is  a  matter  about  which  there  is  still  di- 
versity of  opinion.  Its  fossil  flora  is  very  abundant,  lifty-six  species  of 
vegetable  remains  having  been  found  at  Golden  City  alone.  Yet  Pro- 
fessor Lesquereux,  the  eminent  authority  in  fossil  botany,  says  that 
throughout  the  group  not  a  single  leaf  has  as  yet  been  found  identical 
with  a  Cretaceous  species;!  and,  further,  that  "no  member  of  the 
American  lignitic,  as  far  as  tliis  formation  is  known  by  its  vegetable 
remains,  can  be  referred  to  the  Cretaceous.'"}  He  concludes,  from  his 
extended  observations,  ''  that  the  great  lignitic  group  musf  be  con- 
sidered as  a  whole  and  \v ell-characterized  formation,  limited  at  its  base 
by  the  fucoidal  sandstone ;  at  its  top  by  the  conglomerate  beds.  That, 
indei>endent  from  the  Cretaceous  under  it,  and  from  the  Miocene  over  it, 
our  lignitic  formations  represent  the  American  Eocene.- '§ 

There  seem  to  be  indications  near  the  base  of  the  group,  however,  of 
Cretaceous  fossils.  Lesquereux,  himself,  calls  attention  to  the  fact 
that  Dr.  Hayden  and  Dr.  John  L.  LeConte  have  each  found  a  badly- 
preserved  Inoceramus  low  down  in  the  series.  Both  of  these  localities, 
however,  have  since  been  carefully  but  unsuccessfully  searched  for  fos- 
sils; while  the  similar  occurrences  which  have  thus  far  from  time  to 
time  been  reported  from  various  localities  have,  upon  investigation, 
been  shown  to  be  the  result  either  of  inaccurate  observation,  or  that 
the  facts  observed  were  wrongly  interpreted,  or  their  bearing  over- 
estimated, or  else  that  they  occurred  at  points  where  geological  com- 
plications of  the  rocks  made  all  observation  more  or  less  uncertain,  as, 
for  instance,  at  Golden  City.  Indeed,  none  of  these  observations  so 
far  recorded  can  be  considered  as  furnishing  evidence  in  the  case,  and 
should  be  thrown  out.  Only  the  occurrence  of  Ci'etiiceous  fossils  lM?ar- 
ing  the  clearest  and  most  undoubted  relations  to  the  adjoining  beds,  and 
that  at  more  than  one  or  two  exceptional  localities,  can,  under  the  cir- 
cumstances, be  accepted  as  delining  the  age  of  this  givat  overlying 
formation.  Even  if  further  observations  were  to  show  that  these  occur- 
rences were  other  than  exceptional,  or,  perhaps,  accidental,  they  would 
not  necessarily  prove  more  than  that  these  lower  beds  only  were  of  Cre- 
taceous age,  or,  as  considered  by  Ilay<len,  beds  of  transition  between 
the  Cretaceous  and  the  Eocene ;  though,  in  view  of  Lescpiereux's  idea 
of  the  defiuiteness  of  the  formation  as  a  whole,  if  the  lower  beds  are 
proved  to  be  Cretaceous  the  rest  of  the  series  also  could  hardly,  with 
consistency,  be  considered  otherwise. 

*  So  nmDy  facts  liave  alrea<ly  been  collected  from  this  fonuatiou  by  observers  of  re- 
pate  that,  in  any  attempt  to  give  as  complete  an  idea  as  possible  of  tlic  geology  within 
my  specified  area,  it  becomes  necessary  to  draw  upon  these  facts  to  a  very  great  extent, 
especially  as  the  writer'sopportunities  for  observation  in  these  better-known  upper  Ixjds 
were  quite  limited.  The  endeavor  will  be  mailo  to  make  the  material  obtained  from 
each  authority  supplement  that  from  the  others.  The  principal  sources  of  information 
have  been  the  reports  of  James  T.  Hodge,  Professors  Lesquereux,  F.  V.  Hayden,  and 
John  L.  LeConte,  while  much  practical  information  has  been  pewonally  given  by  Mr.  E. 
L.  Bcrthoud,  of  Golden  City,  Colorado. 

t  Hayden's  Report  for  lW72,  p.  343. 

t  Ibid,  p.  419. 

$  Ibid,  p.  350. 
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So  macb  for  tbe  general  character  and  extent  of  the  testimony  thus 
far  presented  from  the  marine  life  found  in  or  near  the  base  of  these 
beds. 

Terrestrial  vertebrate  remains,  however,  occur  under  neither  so  equiv- 
ocal nor  restricted  circumstances,  but  such  as  have  been  found  range 
higher  in  the  formation,  and  are  considered  as  of  decided  Cretaceous 
types,  and,  judging  from  them  alone,  the  formation  would  be  considered 
as  Cretaceous.* 

Jt  must  be  supposed,  then,  that  either  a  Cretaceous  fauna  extended 
forward  into  the  Eocene  period,  and  existed  contemporaneously  with  an 
Eocene  flora,  or  else  that  a  flora,  wonderfully  prophetic  of  Eocene  times, 
auticip<'ited  its  age,  and  flourished  in  the  Cretaceous  period  to  the  ex- 
clusion of  all  Cretaceous  plant-forms.  Which  of  these  views  is  correct 
is  still  the  undecided  point.  Though  the  latter  might  seem  the  more 
probable  view,  if  judged  by  the  rapidity  of  fauual  changes  as  com- 
l)ared  with  floral  changes  in  the  more  immediate  i)ast,  yet  not  only  the 
great  amount,  but  the  remarkable  unanimity  of  the  evidence  of  fossil 
botany,  as  interpreted  by  Lesquereux,  would  indicate  the  former.  New- 
berry's interpretation  of  the  facts  from  fossil  botany,  however,  again 
leans  toward  the  latter  view.  In  either  case  the  fact  remains  that  here 
the  physical  and  other  conditions  were  such  that  one  of  the  great  king- 
<loms  of  life,  in  its  i)rogress  of  development,  either  lost  or  gained  upon 
tbe  other,  thus  destroying  relations  and  associations  which  existed 
between  them  in  those  regions  from  which  were  derived  the  flrst  ideas 
of  the  life  boundaries  of  geological  time,  causing  here  apparent  anom- 
alies. 

Much  of  the  confusion  and  discrepancy  has,  in  my  opinion,  arisen 
from  regarding  difl'erent  horizons  as  one  and  the  same  thing.  It  must 
be  distinctly  understood  that  this  group  as  it  exists  east  of  the  mount- 
ains in  Colorado  is  very  different  from  and  must  not  be  confounded  with 
the  horizon  in  which  much  of  the  Utah  and  New  Mexican  lignite  occurs, 
and  which  belongs  undoubtedly  to  the  Lower  Cretaceous ;  and,  further, 
that  the  extended  explorations  of  Hayden  and  others  would  seem  to 
prove  almost  conclusively  that  the  Colorado  lignitic  group  is  the  direct 
southern  stratigi'*aphical  equivalent  of  the  Fort  Union  group  of  the 
Upper  Missouri.!  which  is  considered  generally  to  be  no  older  than  the 
Eocene,  while  NeWberry  asserts  it  to  be  Mioceue.f  AVhen  all  the  facts 
are  known  they  may  develop  some  new  ideas  as  to  geological  transi- 
tions. 

But  only  the  consideration  of  large  areas  of  country,  as  Hayden,  Les- 
quereux, Meek,  Cope,  Leidy,  Marsh,  and  others  have  already  done,  will 
solve  the  i)roblem.  Here  we  have  t-o  do  only  with  the  aspects  of  the  forma- 
tion, whatever  may  be  its  age,  as  it  occurs  within  our  district,  and  for 
the  present  we  will  speak  of  tlie  formation  as  the  lignitic.  § 

The  nature  of  the  rocky  fold  found  along  the  mountain  front,  and  of 
the  subsequent  erosion,  has  been  such  that  in  passing  eastward  over 
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See  Cope,  Trans.  Amcr.  Piiilos.  So.  1869,  pp.  40,  98,  24'S  ;  nlno  nulletin  No.   1  of  tbe 
U.  S.  Geol.  and  Goog.  Surv.  of  tbe  Terr.,  1874,  p.  10,  aud  BulU^tiu  No.  2,  p.  7. 

t  Equivalence  founded  on  similar  fossil  vertebratos  bas  re<.'ontly  been  sup^geHted  by 
Coy>e.    (See  Bulletin  No.  2  of  tbe  U.  S.  G«?ol.  and  Geog.  Surv.  of  tbe  Terr.,  p.  7.) 
t  Hayden's  annual  report,  1S70,  pp.  95, 96. 

$  Tbe  most  complefe  ?7^mhu'  of  tbe  evidence  bearing  upon  tbe  age  of  tbe  lignite  forma- 
tion bas  probably  been  given  by  Professor  Lesquereux  in  Hayden's  last  report,  1872, 
Sp.  33^-350.  See  also  Nowberrj-,  in  Amer.  Jour.  Science,  April,  1874,  (III,  vol.  vii.,  p. 
D.)  and  Lesquereux,  Ibid.,  June,  lf^4,( III,  vol.  vii.  No.  42,  p.  54f.)  See  also  Cope, 
Bulletin  No.  2  of  U.  S.  Geol.  and  Geog. Surv. of  tbe  Territories;  Meek  in  Hayden's 
report,  1872,  p.  4(>1,  (See. 
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the  upturned  edges  of  the  strata  all  the  lower  formations  are  fomiil  dipping 
eastward  at  an  angle  seldom  above  00^,  and  generally  much  less,  until, 
upon  reaching  the  Upper  Crotaceons  and  lower  lignite  beds,  they  are 
found — at  least  all  through  the  middle  of  the  tlistrict — to  be  tipped  up 
nearly  vertical,  or  even  pushed  over  beyond  the  vertical,  so  that  they 
appear  to  dip  at  a  high  angle  toward  the  mountains. 

Immediately  theix3  follows  an  abrupt  bend,  which  at  once  throws  all 
the  remainder  of  the  lignitic  s<Ties  into  nearly  its  natural  horizontal  po- 
sition, and  thus  it  stretches  eastward  as  the  formation  tlircctly  underly- 
ing and  forming  the  plains.  All  through  the  plain  portion  of  the  dis- 
trict these  nearly  horizontal  beds  have  b(»en  eroiled  l)y  the  stivams  into 
a  rolling  country,  the  irregularities  of  which  are  really  (juite  considera- 
ble, the  hills  frecpiently  rising  s<u'cral  hundred  feet  above  tlie  nnmerons 
intersecting  streams,  and,  though  generally  gently  molded  in  long, 
rounded  sloi)es,  still  abrupt  and  irregular  blulFs,  formed  of  the  edges  of 
sandstone  strata,  and  of  considerable  height,  oceasionally  occur.  Trees 
occur  only  along  the  streams — such  as  the  cotton  wood  and  willow — the 
hills  being  clothed  in  a  sort  of  grassy  vegetation  of  very  uniform  yellow- 
green  color,  so  that,  standing  upon  an  (»levation,  all  the  surrounding 
hills  are  thrown  against  their  neighbors  with  but  little  sense  of  relief, 
and  all  appears  quite  level,  notwithstanding  the  decided  unevenness  of 
the  surface.  Along  the  South  Platte  lliver,  near  and  below  Denver, 
the  strata  dips  very  gently  from  either  side  toward  the  river,  forming 
a  fiat  synclinal  of  the  valley.  To  the  east,  as  the  surface  gradually  rises, 
pines  in  scattered  groups  begin  to  occui)y  the  country,  the  i)recursor8 
of  the  tract  known  as  the  pineries. 

The  rocks  comprising  the  lignitic  formation,  which  directly  underlies 
this  country,  are  principallj'  sandstones  and  clays.  As  compared  with 
the  older  formations,  these  generally  pre^^ent  a  much  newer  or  less  con- 
solidated appearance.  The  sandstones  ai*e  usually  of  somber  colors; 
dull  reddish-brown  and  yellow,  and  rusty  gray,  perhaps,  prevailing. 
They  vary  from  the  conglomerates  to  quite  fine  sandstones,  and  are 
usually  friable,  and  but  seldom  compact  an<l  firm  enough  for  building 
purposes.    Some  few  clean,  gritty,  white  siliceous  sands  occur. 

The  clays  which  predominate  in  the  fonnation  are  of  the  nature  ot 
fire-clays.  They  are  of  various  colors,  most  often  perhaps  light-gray, 
generally  rather  soft,  and  when  very  fine  and  unctuous  to  the  touch  are 
commonly  called  *'  soapstones."  At  Golden  City  excellent  firebrick,  pot- 
tery,  &c.,  {ire  made  from  some  of  the  lower  clays.  The  transitions  be- 
tween sands  and  clays  are  sometimes  gradual,  giving  zones  of  mixed 
material;  soapstones  becoming  gritty,  and  sands  argillaceous.  No 
limestones  occur,  and  argillaceous  shale  and  slate  only  in  very  subordi- 
nate quantities. 

Fossil  leaves,  and  fragments  of  wood,  &c.,  are  very  numerous  in  some 
horizons,  usually  near  the  coal.  They  are  mostly  of  deciduous  trees, 
many  of  which  are  closely  allied  to  spec^ies  common  in  our  Southern 
States  and  the  tropics,  the  fiora  of  which  this  ancient  vegetiition  must 
have  somewhat  resembled,  while  no  true  coal-measure  (Carboniferous) 
plants,  such  as  ferns,  &c.,  have  been  found.  The  remains  of  trunks  of 
trees  of  enormous  size  are  sometimes  met  with. 

The  following  sections  are  given  as  illustrating  the  general  characters 
of  the  series:  The  first,  which  shows  the  strata  as  they  occur  at  Golden 
City,  is  from  a  section  made  by  Mr.  E.  L.  Berthoud,  the  positions  of  the 
outcrops  being  given  on  Plate  II,  section  13.  It  probably  shows  a 
greater  portion  of  the  full  thickness  of  the  lignitic  tlian  exposed  else- 
where, for  which  we  have  to  thank  the  x>rotective  action  of  the  cap  of 
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hard  lava,  wLich  has  preserved  tlie  lower  beds  from  erosion.  The  sec- 
tion is  from  the  artesian  boring  for  water  at  Denver  City.  The  first 
part  is  constructed  from  samples  from  the  well,  given  me,  with  descrip- 
tions, by  Mr.  Brooks,  the  engineer  superintending  the  boring,  the  lower 
part  being  furnished  by  Mr.  Brooks  directly,  his  section  being  indicated 
by  quotation  marks.  The  sections  illustrating  the  character  of  the  strata 
associated  with  the  coal  will  be  given  later. 

Section  of  the  lignitic  strata  at  Oolden  City,  Colorado  Territory^  from  a 
cross-section  made  by  E.  L,  Berthoud^  civil  engineer. 


No. 


Nature  of  strata. 
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Doloritic  lava,  tliickness  averagiog  125  feet : 

Conglomerate  and  dark  saudHtone,  with  layers  of  buff  clay 
containing  fossil  leaves  and  plants 

Yellow,  gray,  and  rusty  sandstones  and  conglomerates 

Red,  yellow,  and  gray  clays,  with  streaks  of  coal,  fossil  ca- 
ries, sedges,  and  grasses 

Yellow,  gray?  and  white  sandstones  and  conglomerates,  with 
beds  of  buff  and  yoUow  clay,  with  fossil  leaves 

Rusty  sandstones,  with  obscure  casts  of  stems  and  leaves  . . . 

Conglomerates  and  clays,  probably 

Green  clays  and  marls,  with  septaria : 

Dark  conglomerate 

Clays  and  marls 

Fire  and  potter's  clay,  with  rusty  red  sandstone 

Clays  and  maris 

Bog-ore  bed,  with  fossil  bones  and  plants 

Sandstone  and  fire-clays 

Coal-measures,  (five  seams  or  veins  of  coal) 

Sandstones  and  clays,  probably 


Total  thicknesss  of  lignitic,  from 


Thickness 
in  feet. 


25 
135 

45 

130 

30 

900  or  1, 000 

70 
2tk) 
150 
250 
00 
260 
350 
400  or  500 


3, 060  to  3, 360 


Section  of  artesian  well  near  Denver  City,  by  Eli  Brooks,  engineer. 


No. 
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3 

4 

5 
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10 

11 

12 

13 

14 

15 

16 
17 
18 
19 
20 


Nature  of  strata. 


Surface-soil,  probably  indurat'Cd  clay  decomposed  in  place  by  atmo- 
spheric agencies 

Light-giay  clay;  some  sand 

Fine  bhick  sand 

Irregular  black  sand , 

Light  siliceous  sand  and  clay 

Light-gray  unctuous  clay 

Fine  black  sand , 

Light  sandy  clay , 

Sand,  rather  coarse,  with  clay , 

Light-gray  clay,  mingled  with  some  sand , 

Fine,  clean,  gray,  siliceous  sand ;  water 

Clay,  mingled  with  sand 

Gray,  indurated,  unctuous  clay,  (soapstoue) , 

Coarse,  dirty,  irregular  sand,  with  clay  below 

Fine,  clean,  gray  siliceous  sand;  some  mica  flakes;  coarser  sili- 
ceous sand  near  base ;  water  rising  high  in  the  well 

"Soapstone" , 

"Sandrock" 

"Soapstone" 

"Sandrock" 

''Soapstone" , 

Depth  of  weU  Februarys,  1874 , 


Thickness 
in  feet. 


20 
55 
20 

5 
16 
16 
68 

8 

8 
35 

5 

84 

160 

30 

10 
10 
40 
30 
90 
85 
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THE  COAL  SERIES. 

At  many  points  scattered  through  the  fonnation  streaks  or  indications 
of  coal  occur.  The  only  points  at  which  their  development  has  reached 
financial  or  commercial  success,  however,  seem  to  be  confined  to  the 
lower  horizons  of  the  series  as  exposed  near  the  mountains.  These 
horizons  would  also  be  found  underlying  the  plains  east  of  their  natural 
outcrops,  and  could  be  reached  by  artesian  borings.  How  dee])  these 
borings  would  have  to  be,  however,  to  penetrate  to  the  coal  horizim  be- 
neath the  plains,  suflicient  examination  has  not  yet  been  made  to  deter- 
mine with  any  degree  of  certainty ;  and  even  if  reached,  it  is  by  no  means 
certain,  though  quite  probable,  that  coal  would  be  found  to  exist  in  the 
same  workable  quantities  as  nearer  the  mountains. 

CHARACTERS  AND  APrLICATIONS  OF  THE  LIGNITIC   COALS. 

Chemical  characters, — The  name  lignite  would  imply  that  these  coals 
were  allied  to  the  brown  coals  of  Kurope,  a  relation  indicated  by  the  large 
percentage  of  water,  usually  above  12  per  cent.,  which  they  contain.  At 
the  same  time  this  amount  of  water  is  small  as  c(mii)ared  with  that  of  most 
foreign  lignites,  while,  instead  of  having  a  fibrous  or  wcwwly  structure, 
they  are  comi>act,  an<l  generally  have  a  very  bhu^k  color  and  high 
shining  luster,  thus  more  resembling  some  bituminous  coals.  The  i^er- 
centage  of  ash  for  lignites  is  also  low,  varying  from  2  to  (J  per  cent.,  while 
sulphur  seldom  reaches  1  per  cent.,  and  is  otten  nominally  absent.  The 
"  volatile  i)roduct8''  evolved  from  coal  below  a  dull  red-heat  usually 
vary  from  25  to  37  per  cent.,  while  the  amount  of  "fixed  carbon"  gen- 
erally lies  between  45  and  GO  per  cent.,  these  two  components  repre- 
senting approximately  the  calorific  or  heat-i)roducing  iK)wer  of  these 
coals.  The  above  characters  w^ould  seem  to  indicate  that  these  coals  are 
superior  to  those  foreign  coals  from  which  the  term  lignite  has  been  de- 
rived. Since,  on  the  other  hand,  they  difl'er  in  some  respects  from  bitu- 
minous coals,  and  since  their  extensive  occurrence  in  the  West  requires 
some  convenient  term  which  will  express  to  a  certain  extent  their  char- 
acter, I  have  seen  fit  to  use  the  term  lignite  coal  or  lignitic  coal. 

It  has  been  necessary  to  thus  separate  these  coals  as  above  into  the 
four  x>rincipal  ingredients — water,  ash,  volatile  products,  and  fixed 
carbon — because  nearly  all  the  analyses  of  them  that  I  have  been  able 
to  find  thus  separate  them.  While  such  proximate  analyses,  as  will  be 
)M)inted  out  shortly,  do  not  give  sufiicient  data  for  estimating  closely 
the  actual  calorific  value  of  these  coals,  and  w^ould  therefore  be  mis- 
leading in  comparing  them  with  bituminous  and  other  coals,  they  yet 
serve,  to  a  certain  extent,  to  comi>are  these  lignites  among  themselves ; 
indeed,  they  form  the  only  data  for  such  comi)arisons  at  the  present 
time. 

With  this  end  in  view,  I  have  gathered  together  in  the  following  table 
all  the  trustworthy  proximate  analyses  that  1  have  been  able  to  find. 
They  are  arranged  geographically,  commencing  in  New  Mexico  and 
proceeding  northward  along  the  eastern  base  of  the  mountains  through 
Colorado  to  the  line  of  the  Union  Pacific  Eailroad  in  Southern  Wyoming, 
thence  westward  along  this  line  to  Utah,  then  proceeding  northw^ard 
along  the  Pacific  coast,  and  ending  finally  with  a  few  localities  near  our 
northern  boundary.  For  better  comparison,  the  localities  within  my  dis- 
trict are  printed  in  small  capitals,  and  are  included  in  the  group  between 
the  two  heavy  lines.  All  the  analyses  give  the  percentages  of  the  com- 
ponents as  calculated  upon  the  coal  as  t^ken  from  the  mine — that  is, 
including  the  moisture — except  those  with  the  reference  "//"  attached, 
in  which  the  percentages  are  calculated  on  the  dried  coal ;  that  is,  after 
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the  moisture  has  been  expelled.  They  consequently  give  too  high  per- 
centages of  volatile  products,  fixed  carbon,  and  ash,  as  compared  with 
the  other  analyses;  and  in  them,  therefore,  the  percentages  of  these 
ingredients  should  be  diminished  x)roportioually  to  the  amount  of  water 
present  in  each. 

A  few  words  in  connection  with  the  heat-producing  power  of  coals. 
The  amount  of  heat  developed  in  the  burning  of  coal  is  simply  the  result 
or  ontwai*d  expression  of  the  chemical  union  of  the  oxygen  of  the  air 
with  those  substances  in  the  coal  for  which  it  has  a  chemical  attraction 
or  affinity.  These  are  principally  the  carbon  and  the  hydrogen.  The 
products  of  the  union  of  oxygen  with  these  simple  elements  are  the  com- 
pound substances  carbonic  acid  and  water.  The  amounts  of  these  ])ro- 
duced  in  combustion  represent  directly  the  amount  of  heat  which  has 
been  produced  as  the  result  of  their  formation.  Having  once  been 
formed,  chemical  Jiction  ceases  and  no  further  heat  arises.  If  substances 
are  present  in  the  original  coal  that  are  now  combustible,  or  already 
united  with  oxygen,  that  is,  already  burned,  they  deteriorate  the  coal 
accordingly.  The  ash  and  moisture  present  in  coals  are  such  substances; 
they  both  act  as  simple  impurities,  as  slate  or  clay  would  act,  diminish- 
ing the  relative  percentages  of  the  combustible  ingredients,  and  henc>e 
the  heat-producing  power  of  the  whole.  But  the  moisture  acts  further  j 
to  convert  it  into  steam  requires  a  considerable  amount  of  the  heat  pro- 
duced by  the  other  substances,  and  which  would  otherwise  be  available. 

The  amount  of  moisture  in  the  same  coal  may  be  a  very  variable 
quantity;  so  that  in  analyses  the  moisture  is  often  first  driven  off  and 
its  amount  determined,  and  the  remaining  ingredients  calculated  as  per- 
centages of  the  dried  coal,  as  has  been  observed  in  those  marked  "^"  iu 
the  table. 

Practically,  however,  the  moisture  goes  into  the  furnace  with  the  coal, 
there  to  absorb  a  large  amount  of  heat  and  diminish  the  metallurgical 
value  of  the  coal  as  a  fuel.  Analyses  which  ignore  it,  therefore,  give 
misleading  results. 

Are  there  no  other  ingredients  i)resent  which  would  further  deterio- 
rate the  coal  I  In  the  table  above  the  ''  volatile  products  ^  are  consid- 
ered as  combustible.  Ultimate  analyses,  however,  show  them  to  be 
composed  of  carbon,  hydrogen,  oxygen,  and  a  small  quantity  of  nitro- 
gen. The  latter  is  simply  inert,  an  impurity,  and  too  small  in  amount 
to  be  of  importance.  But  the  oxygen  is  already  united  with  the  re- 
maining two,  and  to  just  this  extent  they  must  be  considered  as  already 
bumed,  and  so  far  unavailable  as  heat  producers. 

This  oxygen  is  usually  considered  as  being  combined  with  the  hydro- 
gen to  form  water.  From  the  "  volatile  products,"  then,  there  should 
be  tuken  away  as  noii-calorific  the  oxygen,  and  so  much  oi  the  hydrogen 
as  with  it  will  form  water,  leaving  only  the  remaining  hydrogen  and  all 
the  carbon  as  available  for  producing  heat.  This  '*  combined  water"  in 
the  "  volatile  products"  acts  just  as  the  uncombined  water,  or  "  moisture," 
in  diminishing  the  efiiciency  of  the  fuel.  To  arrive  at  its  amount,  ulti- 
mate analyses  only  will  serve  the  purpose.  To  illustrate  these  points, 
Mr.  Rossiter  W.  Raymond,  CTnited  8tiites  commissioner  of  mining  sta- 
tistics, has  recently*  collected  a  number  of  ultimate  analyses  of  lig- 
nites, (none,  however,  I  am  sorry  to  say,  of  coals  in  my  district,)  some  of 
which  I  reproduce  here,  with  two  additional  ones,  following  him  iu  the 
lessons  he  draws  from  them.  I  have  also  added  columns  15  and  IG, 
which  are  explained  later: 

*  See  EngineeriDg  and  Mining  Jonnml,  May  27,  1873,  Sillimau^s  Journal,  Sep- 
tember, 1873,  p.  220,  and  Report  of  the  ComuiisBiouer  of  Mining  Statistics  lor  1872, 
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The  moisture,  or  nncombined  water-ash  and  snlphnr,  in  the  above  table 
appear  in  the  same  manner  as  in  the  preceding  table.  The  carbon 
appears  greater  in  amount  because,  besides  the  "  fixed  carbon,"  it  in- 
cludes the  carbon  before  contained  in  the  *'  volatile  products." 

The  amount  of  oxygen  included  in  these  volatile  products  now  becomes 
apparent.  If  combined  with  the  associated  hydrogen  to  form  water,  it 
has  thus  already  rendered  one-eighth  of  its  weight  of  hydrogen  un- 
available as  a  heat-producer.  The  resultant  combined  water  (equal  to 
the  oxygen  plus  one-eighth  of  its  own  weight  of  hydrogen)  is  given  in 
column  11,  and  this  acts  precisely  as  the  moisture  does  in  absorbing 
heat.  Mr.  Eaymond,  in  speaking  of  the  first  three  columns  of  calorific 
powers,  which  he  gives,  says : 

In  each  of  these  the  amounts  are.  expressed  in  centigrade  beat  units,  and  there- 
fore indicate  directly  the  pounds  of  water  which  could  theoretically  he  raised  from 
zero  to  the  boiling-point  by  the  combustion  of  one  hundred  pounds  of  fuel.  The  first 
column  is  obtained  in  the  following  manner :  The  anwunt  of  combined  water  is  found 
by  adding  to  the  oxygen  one-eighth  its  weight  in  hydrogen  ;  the  remaining  hydro- 

gen  is  multiplied  by  34,462)  the  number  of  heat-units  evolved  in  the  combustion  of 
ydrogen  ;  and  the  amount  of  carbon  is  in  like  manner  multiplied  by  8,080,  the  calo- 
rific modulus  for  carbon.  The  sum  of  these  two  products  is  the  number  of  units  gen- 
erated by  the  complete  combustion  of  one  unit  of  the  fuel,  containing  the  given  j>ro- 
portions  of  carbon  and  available  hydrogen.  The  heat  units  due  the  combustion  of  the 
sulphur  are  disregarded,  in  view  of  the  smaU  amount  of  sulphur,  its  low  colorific 
capacity,  (about  2,240  units,)  and  the  circumstance  that  it  exists  partly  in  the  form  of 
pyrites,  the  decomposition  of  which  still  further  diminishes  the  amount  of  heat  from 
this  source,  and  partly  as  sulphuric  acid,  causing  a  net  loss. 

The  second  class  of  calorific  jKiwers  is  obtained  by  a  similar  calculation  on  the  suppo- 
sition that  the  moisture  is  absent.  The  third  column  gives  the  closest  ax)proximatiou 
to  the  available  heat,  and  is  obtained  by  deducting  from  the  figures  in  the  first  the 
amount  of  heat-units  required  to  vaporize  the  moisture  and  combined  water.  Thisi  is 
537  units  of  heat  for  each  unit  of  water. 

In  reality,  the  results  in  column  14  (calorific  power  III)  should  be 
still  further  reduced. 

We  have  seen  that  the  full  amount  of  hydrogen  given  in  the  analysis 
cannot  be  realized  as  a  heat-producer,  as  part  of  it  already  exists  in  the 
form  of  water.  Is  the  remaining  hydrogen  to  be  regarded  as  in  a  con- 
dition to  give  out  all  its  great  heat  energy  f  It  is,  in  fact,  combiued 
with  some  of  the  carbon  present,  probably  mostly  in  the  form  of  marsh- 
gas,  (composed  of  one  part  by  weight  of  hydix)gen  to  three  of  carbon.) 
and  though  the  two  ingredients  are  both  combustible,  yet  they  have  to 
be  separated  from  one  another  in  uniting  with  oxygen  in  the  process  of 
burning.  As  the  union  of  elements  to  form  compounds  produces  heat, 
so  the  separation  of  compounds  in  their  elements  absorbs  heat,  aud 
each  unit  of  marsh-gas  thus  decomposed  absorbs  about  1,G12  units  of 
heat.  In  other  words,  when  a  unit  of  marshgas  is  burned  it  produces 
but  13,063  units  of  heat  instead  of  the  14,075  units  which  would  be  pro- 
duced if  it  were  first  separated  into  its  components  and  these  then 
burned,  as  is  implied  in  the  preceding  calculation  of  calorific  power  III. 

In  estimating  the  calorific  power  of  the  fuel  from  this  last  point  of 
view,  the  amount  of  hydrogen  rendered  unavailable  as  a  heat-producer 
in  the  form  of  water  remains  the  same  as  before.  (Columns  G  and  11.) 
The  remaining  hydrogen,  (column  5,)  if  its  combination  with  carbon  is 
considered  to  be  in  the  proportion  to  form  marsh-gas,  which  is  approxi- 
mately true,  must  take  up  three  times  its  weight  of  carbon  (column  4) 
to  form  this  gas,  and  the  sum  (column  4  plus  column  5)  multiplied  by 
13,063 — its  calorific  modulus — will  give  the  heat  produced  in  its  com- 
bustion. The  remaining  carbon  only,  then,  gives  out  heat  in  proportion 
of  8,080  units  to  one  of  carbon,  and'  the  two  products  together  give  the 
total  amount  of  heat  produced,  from  which,  as  before,  the  heat  ab- 
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sorbed  by  the  vaporization  of  the  water  must  be  subtracted  to  obtain 
the  actual  available  heat  produced  by  the  combustion  of  a  unit  of  this 
coal.  The  results  are  given  in  column  15.  (Calorific  power  IV.)  They 
may  also  be  obtained  by  subtracting  from  calorific  power  III  c4.5  units 
of  beat  lor  each  per  cent,  of  hydrogen  pn^sent  in  the  analyses  over  and 
above  that  required  to  form  water  with  the  oxygen  present.  Column 
14  gives  the  relation  between  the  heat-producing  power  of  these  coals 
as  con![)ared  with  that  of  pure  carbon,  (8080.) 

It  shows  that  many  of  them  may  be  considered  as  having  thrce-fonrths 
of  the  calorific  power  of  that  substance  as  represented  by  perfectly 
purified  charcoal.  These  numbers,  of  course,  can  never  be  fully  real- 
ized in  actual  practice,  but  neither  can  the  full  calorific  power  of  pure 
carbon ;  tbey  still  serve,  however,  for  purposes  of  comparison,  and  they 
show  that  tiie  inherent  or  potential  csri)abilities  of  these  coals  are  far 
greater  than  they  are  usually  supposed  to  be. 

So  much  for  the  quantity  of  heat  that  these  coals  are  capable  of  pro- 
ducing, if  completely'  and  iKjrfectly  burned.  Tlie  temperatun*.  produced 
by  this  combustion,  and  which  is  the  chief  consideration  in  the  applica- 
tion of  fuel  to  practical  puri)oses,  is  another  matter.  This  temperature 
depends  on  the  rapidity  or  intensity  of  the  combustion  in  a  given  space, 
and  the  amount  and  specific  heats  of  the  gases  produced  by  it,  and  may 
be  as  seriously  affected  by  the  physical  l>ehavior  of  the  fuel  as  by  its 
chemical  composition.  That  the  latter  is  favorable  to  the  production  of 
high  heats  is  shown  above ;  but  before  being  able  to  judge  of  the  best 
mode  of  application  of  these  coals,  their  physical  characters  and  behavior 
must  be  first  examined. 

PHYSICAL  CHARACTERS  OF  THE  LIGNITIC  COALS  OF  THE  PLAINS. 

The  lignitic  coals  of  Colorado  occur  varying  from  mere  streaks  of 
carbonaceous  matter  to  beds  16  feet  in  thickness.  "For  the  most  part 
they  are  remarkably  free  from  impurities,  it  being  not  rare  to  see  a  face 
of  8  or  even  10  feet  of  clean  coal  of  brilliant  luster,  peii'ectly  sound  and 
solid  in  the  mine,  without  a  particle  of  slate  or  any  visible  foreign  mat- 
ter that  w^ouhl  injure  it.  Iron  pyrites,  however,  may  generally  be  de- 
tecto<l  in  small  flakes  and  thin  disks,  but  very  rarely  in  sufficient  quan- 
tity to  be  injurious.     Mineral  resin  is  a  common  ingredient.^* 

Their  specific  gravity  is  seldom  below  1.3,  sometimes  1.4.  With  one 
or  two  exceptions,  in  which  the  color  is  a  dull  black,  they  all  possess  a 
high  shining  luster,  and  cleave  readily  into  cubical  blocks.  When  well 
protected  they  may  remain  a  long  time  unchanged,  but  on  exposure  to 
the  atmosphere  they  disintegrate  very  rapidly.  "This  tendency  to 
crumble  is  the  cause  of  great  waste  at  the  mines — all  the  greater  that 
these  tertiary  coals  can  scarcely  ever  be  made  to  melt  and  agglutinate 
into  a  firm  coke.  With  rare  exceptions,  when  submitted  to  the  coking 
process  they  retain  their  form  or  crumble  into  a  dry  |)owder."  "  The 
coal  kindles  and  burns  freely,  making  a  bright  fire  with  a  yellow  blaze 
and  rompjiratively  little  smoke ;  the  odor  of  this  is  not  so  strong  or 
disagreeable  as  that  of  the  bituminous  coals,  and  somewhat  resembles 
the  smell  of  burning  peat.  The  smoke  is  not  alwa.^s  dark  and  thick, 
but  is  sometimes  of  a  light-gray  color.  The  ashes  are  remarkably  light 
and  bulky."  t 

"  II  hIjjp  on  the  Tertiary  coals  of  the  West,  (Haydou's  Keport  for  1870,  p.  319.) 
t  Ibid.,  pp.  319-:i20. 
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APPLICATIONS. 

These  coals  have  been  found  to  serve  well  for  all  domestic  purposes, 
either  for  cooking  or  warming,  and  are  now  largely  used  both  for  sta- 
tionary boilers  and  locomotives.  Their  freedom  from  sulphur,  in  ren- 
dering them  less  injurious  in  burning  out  grate-bars,  &c.,  would  recom- 
mend them  for  these  purposes;  though  with  some  of  the^se  coals  a 
frequent  use  of  the  exhaust  in  increasing  the  draught  is  necessary  to 
insure  a  sufficiently  rapid  combustion.  According  to  Hodge,  the  engi- 
neers find  that  the  more  crumbling  varieties  sift  through  the  grate-bars, 
requiring  closer  screens  at  the  top  of  the  smoke-stacks.  "  They  endeavor 
to  obtain  the  coal  as  freshly  mined  as  possible,  on  account  of  its  sounder 
condition.  Clinkers  sometimes  form  sufficiently  to  be  troublesome  when 
the  coals  are  obtained  from  those  mines  that  contain  seams  of  slate.^ 

These  coals  are  at  present  also  used  for  the  following  purposes,  for 
information  about  which  I  am  indebted  to  Mr.  Berthoud:  At  the  two 
smelting  works  at  Golden  City  the  best  lignitic  coal  is  used  in  roastiug 
ores,  either  in  close  furnaces,  or  in  step-furnaces  used  in  desulphurizing 
pyritous  ores.  It  is  also  used  at  Golden  for  baking  the  bricks,  <S:e., 
there  made  from  the  clays  of  the  lignitic  series.  For  gas-making  in 
Colorado  the  lignitic  coals  are  alone  used,  while  a  five  feet  bed  at  Golden 
City,  Canon  City  coal,  and  Trinidad  coal  are  all  used  in  blacksmith- 
work. 

And  here  we  seem  to  stand  on  the  limits  of  the  usefulness  of  these 
coals.  Notwithstanding  the  high  i>otential  calorific  power  wliicli  we 
have  seen  that  they  possess,  it  remains  for  some  reason  unavailable. 
For  all  those  i)rocesses  in  the  arts  in  which  high  temperatures  are 
required,  the  lignitic  coals — as  compared  with  antliracite  and  bitumin- 
ous coals — have  so  far  proved  seriously  defective.  Indeed,  they  hardly 
compare  with  some  of  the  coals  with  which  they  are  allied  in  both 
physical  and  chcimical  features,  as,  for  instance,  the  *'  block-coal  '^  of 
Indiana,  which,  though  not  equaling  in  calorific  power  some  of  these 
western  coals,  as  Kaymond  has  shown,  yet  is  succ/essfully  used  in 
smelting  iron.  With  these  coals,  however,  even  for  common  black- 
smithing  purposes,  it  has  required  much  experience  before  they  have 
become  to  be  permanently  used  for  welding,  and,  while  they  are  used  at 
Golden  City  for  roasting  the  ores,  for  smelting  them  (mostly  galena,  and 
siliceous  ores  of  gold,  silver,  copi>er,  lead,  and  zinc)  a  large  proportion 
of  Pittsburgh  coke  is  used.  One  or  two  experiments  in  reverberatory 
furnaces  and  several  trials  in  blast  furnaces  have  all  proved  unsuc- 
cessful. In  the  former  the  common  fire-box  and  horizontal  grate  was 
used,  and  in  no  case  was  strong  artificial  draught  or  pressure  employed. 
What  might  be  accomplished  with  the  many  recent  appliances  in  the 
way  of  improved  grates,  fire-boxes,  and  high  pressures  remains  yet  to 
be  seen,  but,  so  far  as  tried,  they  have  failed  as  i)roducers  of  high 
temperatures. 

The  cause  of  all  these  failures  appears  to  be  due  simply  to  the  physical 
behavior  of  the  coal  when  heated — in  giving  oft  their  large  x)ercentage 
of  moisture  they  crumble  into  small  pieces.  On  the  furnace-gi*ate  this 
produces  a  layer  not  readily  penetrated  by  sufficient  air  to  support  a 
rapid  combustion  and  consequent  high  temperature,  and  the  frequent 
stirrings  necessary  to  avoid  this  difficulty  introduces  another  in  the  loss 
of  heat  incident  upon  the  constant  opening  of  the  furnance-doors.  In 
the  blast  furnace  the  tendency  to  crumble  is  augmented  by  the  super- 
incumbent weight,  so  preventing  the  aecess  of  air  that  the  furnace 
nearly  chills  without  reaching  a  smelting  temperature.     They  might 
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Still  bo  made  available  for  this  purpose  to  a  small  extent  by  mixing 
tbem  with  cban^oal.  In  A^ustria  somewhat  similar  coals  have  been  used 
to  the  extent  of  one-eighth  or  one-fourth  of  the  amount  of  chai^coal 
usimI.* 

The  usual  process  employed  to  make  coals  of  low  calorific  power 
useful,  by  driving  otf  the  moisture,  and  concentrating,  as  it  were,  the 
combustible  material,  is  the  process  of  coking;  but  this,  as  we  have 
already  seen,  fails  with  these  coals.  1  believe  that  no  coal  so  far  found 
in  my'district  has  been  successfully  coked.  They  either  crumble  to 
powder  in  the  process,  or  make  such  a  friable  product  that  it  pulverizes 
in  handling  or  in  the  furnace.  Further  south  Trinidad  coal  makes  a 
fair  coke,  and  Canon  City  coal  a  i>oorer  one. 

A  i>roi*e8S  has  been  patented  for  coking  the  lignites,  but  I  am  in- 
formed it  makes  a  crumbling,  inferior  article,  unfit  for  smelting  iron, 
though  applicable  for  light  forgiug. 

To  obviate  the  great  loss  arising  from  the  easy  crumbling  of  these 
coals — and  the  process  would  improve  their  behavior  in  the  furnace  as 
well — Professor  Lesqnereux  has  suggeste<l  the  mixing  of  the  coal  slack 
accumulating  at  the  mines  with  some  agglutinizing  material  and  com- 
pre>'sing  the  mixture  into  coherent  blocks ;  and  for  the  Western  Wy- 
oming and  Utah  coals  he  suggests  the  use  of  the  bitumen  stored  in  the 
black  shales  of  the  Green  liiver  group  of  rocks  near  by.  Were  this  to 
givesufficientcohereuceto  the  mass,  it  is  certainly  an  admirable  sugges- 
tion. Many  of  the  substances  used  for  such  puri)ose8,  as  clay,  &c.,  being 
non-combustible,  only  subtract  from  that  calorific  power  in  which  the  lig- 
nites are  originally  somewhat  defective,  while  the  bitumen  would  natu- 
rally assist  in  their  combustion.  The  enormous  accumulations  of  slack 
about  Eastern  an<l  European  coal-mines  have  ali^eady  led  to  many  ex- 
periuunits  to  render  them  commercially  available.  When  some  of  these 
pn)cesses  are  perfected,  their  application  to  western  coal-slack  may 
K)me  day  fonn  an  important  industry. 

But  any  process  which  can  employ  directly  or  which  requires  a  fuel 
of  friable  characiter  is  the  one  best  adapted  to  these  coals.  Ueat-pro- 
ducing  appliances  have  naturally  been  designed  for  the  use  of  cohei^ent 
fuels,  an<l  hence  these  crumbling  lignites  have  failed  when  used  in  their 
stead.  Processt\s,  however,  have  comparatively  recently  been  intro- 
duced which  attain  the  very  highest  metallurgical  results,  and  which 
are  yet  assisted  by  the  friability  rather  than  by  the  comi)actness  of  the 
fuel ;  and,  so  fsvr  as  this  character  is  a  factor  in  the  operation,  these 
coals  would  be  admirably  fitted  for  such  processes. 

Such  processes  may  be  considered  as  divided  into  two  classes;  namely, 
those  using  gaseous  fuel,  and  those  using  pulverized  fu<»l.  The  type  of 
the  former  is  the  now  well-known  Siemen's  process,  with  the  regenera- 
tive furnace.  Here  the  coal,  or  any  carbonaceous  matter,  is  first  burned 
in  a  small,  close  furnace,  called  the  "  Producer,''  in  which  the  object  is 
to  produce,  not  a  high  temperature,  but  a  combustible  gas.  For  this 
purpose  the  fineness  of  the  coal  rather  aids  the  i)roce8s,  for  the  carbonic 
acid,  formed  by  the  first  contact  of  the  air  with  the  low(»r  layer  of  burn- 
ing coal  on  the  grate,  is  then  all  the  more  cer^?.in,  in  passing  up  through 
the  fine  mass  of  incandescent  fuel  above,  to  become  carbonic  oxide,  the 
gas  employed  in  the  final  operation  in  the  main  furnaee.  This  process 
has  so  far  probably  been  more  generally  successfully  used  for  the  pro- 
duction of  the  very  highest  metallurgical  temiwratures  than  almost  any 
other;  and  as  not  only  lignites,  but  peat,  wood,  and  even  saw*dust  have 
been  successfully  used,  and  all  but  the  latter  for  the  greatest  heats,  there 

*  Tuuner'8  Leob.,  Johrb.,  VI,  ISG. 
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18  DO  doabt  but  that  the  lignites  of  Colorado  conid  be  employed  in  any 
process  embodying  this  principle.  The  "  plant,''  however,  is  expensive, 
aud  has  so  far  only  been  economically  used,  so  far  as  I  know,  in  large 
iron  operations,  the  ore  necessary  for  which  is  still  wanting  in  the  far 
West.  The  principle  of  producing  and  using  the  gases  from  these  coals, 
however,  could  still  be  applied  when  such  high  temperatures  as  require 
the  use  of  the  "  regenerators  ^  are  not  desired. 

A  successful  type  of  a  pulverized  fuel  process  is  that  of  Messrs. 
Whepey  &  Storer.  In  strong  contrast  with  the  expensive  plant  of  the 
Siemen's  process,  the  essential  piece  of  apparatus  here  is  a  machine  dif- 
fering but  little  from  a  fan-blower.  The  coal,  first  screened  to  the  size  of 
coarse  gravel,  is  automatically  fed  into  a  cylinder  varying  from  12  to  30 
inches  in  diameter,  in  which  a  paddle-wheel  revolves  at  the  rate  of  from 
1,500  to  3,000  times  per  minute.  Caught  in  the  rapid  revolutions  of 
this  paddle — the  particles  abrading  one  another  in  the  swift  air-cur- 
rents— the  coal  is  rapidly  pulverized  to  the  finest  dust,  and,  with  the 
accompanying  air,  is  forced  in  a  constant  stream  through  a  short  pipe  a 
few  inches  in  diameter  into  the  previously  slightly  heate-d  fire-place 
beneath  the  boiler,  or  into  the  combustion-chamber  of  the  furnace,  as 
is  the  air  from  an  ordinary  fau-blower,  every  minute  particle  of  coal 
floated  upon  and  surrounded  by  the  very  air  w^hich  is  to  burn  it,  while 
the  supply  of  either  coal-dust  or  air  can  be  instantly  regulated  and 
varied  in  amount  until  so  proportioned  to  one  another  as  to  produce  the 
most  perfect  combustion.  Indeed,  the  conditions  for  combustion  here 
seem  almost  perfect,  so  that,  notwithstanding  the  apparent  inadequacy 
of  the  means  employed,  the  highest  metallurgical  heats  may  be  obtained 
and  used  on  a  large  scale.  It  is  easily  applicable  to  common  boilers,  or 
most  heating  appliances,  and  generally  requires  but  slight  change  in 
the  original  apparatus. 

Aside  from  the  portability  and  ease  of  application  of  the  apparatus, 
(important  considei*ations  in  the  West,)  the  process  appears  to  be  so 
particularly  adapted  to  these  friable  coals,  especially  in  view  of  the 
difliculties  surrounding  their  applicaticm  in  other  ways,  that  it  seems  as 
if  it  were  in  this  diiHiclion  that  the  lignitic  coals  of  the  West  could  be 
best  rescued  from  the  metallurgical  difliculties  which  now  surround 
them.  It  is  certainly  a  process  which  is  aided  by  that  very  character 
of  these  coals  which  renders  them  unfit  for  use  by  the  usual  methods.* 

DISTRIBUTION  AND  DEVELOPMENTS  OF  THE  LIGNITIC  COAL. 

On  the  accompanying  map  (figure  4)  will  be  found  indicated  nearly 
all  the  points  at  which  openings  have  been  made  on  coal  depovsits  within 
my  district,  the  positions  of  which  with  respect  to  the  sections,  with  but 
few  exceptions,  have  been  very  kindly  furnished  me  by  Mr.  E.  L.  Berth- 
oud,  of  Golden  City.  These  openings  ai'e  indicated  by  prominent  black 
squares,  the  names  of  the  mines,  or  their  owners,  being  in  most  cases 
attached  to  them;  while  the  outcrop  of  the  coal  horizon,  jis  inferred 
from  these  openings,  is  given  in  the  strong  black  line  to  better  empha- 
size its  ])osition. 

Over  most  of  this  region  this  outcrop  is  hidden  from  view  by  the 
superincumbent  horizontal  terraeebeds  or  detrital  material.  Along  the 
western  edge  of  the  maps  are  the  abrupt  ends  of  the  massive  mountain- 

*  For  a  clear  and  simplo  statement  of  the  chemical  principles  which  nnderlio  the  com- 
bustion of  fnd,  and  of  the  pnictical  considerations  atfectiug  the  carrying  out  of  these 
l^rinciples,  and  realizing  the  full  value  of  the  fuel,  the  reader  is  referred  to  James  Mac- 
ikrUme'a  Coal  Regions  of  America,  Now  York,  D.  Appleton  &.  Co.,  1873,  pp.  6'ir>-ti38. 
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spurs  of  the  Archaean  rocks.  Then  comes  the  zone  of  outcropping  edges 
of  the  TriaSvSic,  Jurassic,  and  Cretaceous  beds,  approximately  shown  by 
the  lining;  the  lirst  two  by  oblique  lines  downward  to  the  right,  the 
last  by  horizontal  lines.  To  the  east,  so  far  as  I  know,  all  is  of  the 
.Liguitic  formation. 

Sections  illustrating  the  relations  between  these  beds  at  sevenil  points 
(indicated  by  numbers  on  the  map)  are  given  on  Plate  H.  The  basis  of 
this  mcap  is  compiled  from  the  United  States  land  survey,  the  town- 
ships and  sections  being  therefore  authoritative.  The  limits  of  the 
counties  ai^e  shown  by  the  oblique  lining  downward  to  the  left,  while 
all  the  railroads  at  present  in  operation  are  also  given.  It  will  be  seen 
that,  as  before  stated,  the  main  coal-measures,  so  far  as  known  and 
opened,  lie  chiefly  near  the  mountain-base.  From  near  Bowlder  City 
southward  through  Golden  City  to  where  the  South  Platte  debouches 
from  the  mountains  is  almost  a  continuous  line  of  o[)enings,  among 
which  are  the  Marshall  and  Murphy  mines,  probably  as  well  known  as 
any  coal-mines  in  Colorado.  Though  at  the  north  the  Iwds  dip  gently 
to  the  east,  throughout  nearly  all  the  remainder  of  this  line  they  stand 
nearly  vertical,  and  in  places  are  thrown  over  beyond  the  vertical.  To 
the  north,  along  the  zone  of  hog-backs,  this  horizon  would  probably  be 
found  lying  a  little  above  the  Cretaceous  beds,  and  it  has,  I  uixlerstand, 
been  opened  near  both  of  the  Thompson  Creeks,  but  so  far  the  demand 
in  this  northern  region  has  not  required  an  active  seanrh  for  coal. 
Instead  of  to  the  north,  the  main  openings  have  been  develojH^d  to 
the  northeast  of  Bowlder  City,  reaching  to  Platt^jville  near  old  Fort 
Saint  Vrain.  Of  these,  the  Erie  and  Baker  mines  ai-e  the  most  prom- 
inent. Whether  belonging  to  the  same  or  to  a  higher  horizon  in  the 
liguitic  group  than  the  former  coal-openings,  is  not  yet  ascertained  with 
certainty. 

The  best  known  coal-openings,  then,  may  bo  considered  as  arranging 
themselves  along  a  line  running  from  Platteville  southwestward  to  near 
Bowlder  City,  and  then  turning  southward  along  the  base  of  the  mount- 
ains to  the  South  Phitte.  It  is  near  the  middle  of  this  zone  that  the 
best  and  thickest  development  of  the  coal  seems  to  occur.  Besides 
these  oi)enings,  excei)ting  a  few  poor  indications  of  coal  at  scattered 
places,  the  only  others  that  1  have  heard  of  lie  from  fifteen  to  seventeen 
miles  east  of  Denver  City,  and  near  the  Box  Elder  station  on  the 
Kansas  Pacific  llailroad. 

In  des(Tibing  what  is  known  of  the  occurrence  of  coal  at  the  various 
points  indicated,  1  will  speak  first  of  this  eastern  group,  and  then,  com- 
mencing at  the  north,  follow  southward  along  the  line  of  openings  before 
spoken  of  to  the  South  Platte.  The  information  is  gathered  mostly  from 
the  rei)orts  of  Hodge,  Ilayden,  and  Lesquereux,  supplemented  by  much 
material  given  me  by  ^Ir.  Berthoud.  It  is  to  be  understood  that  in 
speaking  of  ''  mines,"  such  extensive  openings  as  characterize  the  east- 
ern coal  regions  are  by  no  means  intended.  As  yet  the  demand  for  coal 
has  been  but  small,  and  in  nearly  all  cases  the  mining  has  been  crude  in 
method  and  small  in  extent,  though  the  time  is  at  hand  when  both  its 
improvement  and  enlargement  will  be  very  great. 

TUE  VARIOUS  COAL-OPENINGS, 

East  of  Denver,  in  township  4  south,  and  probably  between  ranges 
65  and  <JG  west,  a  shaft  has  been  sunk  for  some  depth  in  a  Ligli  bank 
on  the  south  side  of  Sand  Creek,  but  is  now  abandoned.    The  <  oal  also 
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outcrops  on  the  bank,  and  tbero  api^ears  as  of  a  very  poor  quality. 
Fossil-leaves  are  abundant. 

It  was  near  here  that  the  first  discoveries  of  coal  were  made  in  Colo- 
rado, and  the  stream  at  this  point  is  often  known  iis  Coal  Creek,  thougli 
called  Sand  Creek  farther  down.  The  latter  name  should  be  retained, 
to  prevent  confusion  between  this  and  the  better  known  Coal  Creek  on 
thfe  west  side  of  the  Platte. 

About  four  miles  to  the  north,  near  Box  Elder  on  the  Kansas  Pacific 
road,  in  range  05  west,  township  3  south,  section  28,  (!)  and  probably 
in  the  same  horizon  as  the  last,  are  two  shafts  which  reach  coal,  an<l  on 
which  work  has  been  done  now  and  then  for  some  years.  It  is  probably 
in  one  of  these  three  shafts  that  the  following  section  was  made  by  Mr. 
E.  B.  Mally,  (quoted  by  Lesquereux  in  llaydeu's  report  for  1872,  p.  327,) 
and  which  serveu  to  give  an  idea  of  the  strata  near  here : 

Seciion  of  strata  in  shaft  fourteen  miles  east  of  Denver. — E.  B.  Matly, 


No. 


Nature  of  strata. 


Thickuoss. 


1 
2 
3 
4 
5 
6 

mi 
4 

8 
9 
10 
11 
VZ 
13 
14 
15 
16 
17 
18 


Top. 

Slaty  clay , 

Suid 

Yellow  clay 

Liglit-blno  Roapstoiio 

Browu  soap-stoiio 

SoapHtoiio  aud  clay 

Drab  vsoapstoiie 

Dark- browu  »oapstoiio 

Black  slate,  with  v.riiis  of  coal 

Coal,  wtrf  and  smutty , 

Coal,  bf.'ttcT *. 

Black-clay  parting 

Coal 

Soapstonc,  blu«',  brown,  aud  black 

Hard  sand-rock 

Spotted  saud-rock 

Very  liard  sand  rock 

Soft  sandy  clay 

Bottom. 

Total 


Fed,    in. 

16    0 

18    0 

5    0 

6    0 

2    0 

13    0 

14    0 

2    0 

5    6 

4    0 

3    0 

4 

1     0 

24    7 

1    4 

12    0 

5    0 

9    6 

142    3 

The  work  was  abandoned  on  account  of  the  poor  quality  of  the  coal. 
Professor  Lei?ciuereux  thinks  that  the  section  indicates  tlie  horizon  of 
the  bed  as  being  at  the  top  of  the  great  lignitic  or  fucoidal  sandstone 
under  the  series  of  beds  of  clay  and  soapstone,  as  at  the  Katon  Mount- 
ains. 

Pliittevilh*,  range  OG  west,  township  3  north,  sections  17,  IS,  10,  20; 
coal  in  small  veins,  now  owned  by  the  Saint  Vrain  Coal  Company. 

McKissack,  range  07  west,  township  2  n<uth,  sections  18,  19 ;  coal 
in  bed  or  beds  some  10  feet  thick,  now  coking,  crumbling,  and  with  but 
little  sulphur,  as  usual. 

Erie  mine,  range  08  west,  township  1  north,  sections  7  and  8,  called 
also  the  Briggs  mine.  This  opening,  which  is  one  of  the  larger  ones, 
is  on  the  west  side  of  a  hill  facing  Coal  Creek,  the  opening  being  down 
the  gentle  slope  of  the  bed  east-northeast  into  the  hill. 

In  1870  the  main  adit  bad  been  driven  500  feet^  with  galleries  on 
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either  side,  no  provision  being  required  on  account  of  water.  'Che  coal 
is  glistening  black,  breaking  in  rcctangnlar  blocks,  and  o<?cnrs  in 
an  upper  bed  of  8J  to  8f  feet  thick,  and  a  lower  one  of  3  to  3  J  feet,  sep- 
arated by  a  slate  [)artiug  of  IJ  feet.  The  property  is  owned  by  the 
Kansas  Pacific  Iload,  and  it  is  connected  by  railroad  with  Hughes,  on 
the  Denver  Pacilic.  In  1872  the  amount  frequently  taken  out  daily 
was  2(]0  tons.    For.  analysis  see  Table  A,  No.  19. 

In  iKissing  up  the  eastern  banks  of  Coal  Creek  from  the  Erie  mine, 
we  iirst  pass  the  Eulner  coal-bank,  and  in  about  four  miles  reach  the 
Baker  or  Douglass  coal-bed,  range  67  west,  township  1  south,  sec- 
tion G. 

The  Erie  coal  horizon  has  meanwhile  risen  higher  and  higher  on  the 
hills,  and  at  the  Baker  mine  appears  some  200  feet  above  the  outcrops  then 
worked.  The  bed  is  4 J  or  5  feet  thick,  dipping  at  a  low  angle  eastward 
into  the  hill,  and  produces  a  "  coal  very  diftereut  in  appearance  from  that 
of  the  other  mines.  A  part  is  a  dull  jet-black,  hard  and  brittle,  break- 
ing in  cuboidal  fragments,  and  streaks  of  this  cannel-like  character  are 
seen  in  the  more  brilliant  varieties  that  are  also  found.  Iron  i)yrites  iu 
extremely  thin  disks,  and  resin  also,  are  noticed  in  this  coal.  Two  oi 
three  other  small  beds  appear  in  the  bank  of  the  creek,  and  in  the  slates 
or  shales  over  them  are  courses  of  kidney  ore."  (Uodge.  Setj  analysis 
18,  table  A.) 

Davidson's  opening,  range  G9  west,  township  1  south,  section  G.  This 
coal,  which  was  found  in  18G9  near  the  summit  of  the  high  ground  lying 
about  six  miles  west  of  the  Baker  mine,  is  about  3i  feet  thick,  and 
probably  lies  far  above  the  main  coal-horizon. 

Ahm  "opening,  range  70  west,  township  1  south,  section  13,  northeast 
comer  of  the  northwest  corner. 

Barber  opening,  range  70  west,  township  1  south,  section  15,  north- 
east corner  of  the  southeast  corner. 

Marshall  mine,  range  70  west,  township  1  south,  section  IG,  northeast 
corner  of  southeast  corner,  on  the  east  side  of  the  valloy  of  the  South 
Bowhler  Creek,  about  live  miles  southeast  of  Bowlder  City,  and  twenty- 
two  or  twenty-three  miles  north-northwest  of  Denver.  This  mine 
was  among  the  earliest  worked  in  Colorado.  It  was  in  operation  in  18G3, 
has  been  worked  with  no  material  interruption  since,  and  stands  among 
the  best  mines  of  the  Tenitory.  Eleven  seams  of  coal  are  said  to  be 
recognized  here,  amounting  in  all  to  a  thickness  of  G3  feet  in  a  thickness 
of  beds  of  500  or  GOO  leet.  Several  of  these  have  In^en  oi>ened  and 
worked,  the  principal  one  of  which  is  the  lowest  in  the  formation.  This 
bed  is  nearly  horizontal,  dipping  easterly  but  8°,  and  having  an  e^st 
and  west  vertical  cleavage.  It  is  worked  to  a  thickness  of  from  10  to  12 
feet,  through  the  whole  of  which  the  coal  is  remarkably  free  from  slate 
and  other  impurities.  It  contains  very  little  pyrites  in  thin  disks,  and 
some  i^sin  in  small  particles.  In  the  mine  the  freshly-exposed  face  pre- 
sents a  beautifully  brilliant  appearance,  and  the  coal  is  so  found  that  a 
cubic  block  of  it,  siiid  to  weigh  over  three  tons,  was  taken  out  for  exhi- 
bition at  the  fair  at  Denver.  In  1870,  according  to  Hodge,  the  two  par- 
allel headings  or  levels  by  which  this  bed  is  worked  had  penetrated  to  a 
distance  of  (JOO  feet,  being  driven  in  from  the  north  side  of  the  hill,  and 
rising  a  little  up  the  slope  of  the  bed.  From  there  rooms  are  worked  on 
either  side,  but  chietiy  up  the  slope.  In  the  other  direction,  the  bed 
passes  under  a  meadow  where  the  coal  will  have  to  be  worked  and 
drained  by  means  of  vertical  shafts.  This  bed  was  then  mined  for  81.25 
per  ton,  besides  cost  of  props  and  keeping  the  track,  &c.,  in  good 
condition.    In  18G9  the  average  amount  mined  per  day  was  50  tons  i  in 
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1872,  but  25  toDs.  The  coal  is  used  very  generally  by  blacksmiths,  who 
have  overcome  the  diflQcnlty  they  formerly  experieuced  iu  not  being  able 
to  get  up  a  welding-heat  with  it. 

A  bod  7  feet  in  thickness,  and  lying  somewhat  above  the  main  bed, 
was  formerly  mined  through  a  shaft  50  feet  deep,  while,  lying  still  above, 
a  three-foot  bed,  capped  with  fire-clay,  was  followed  for  GO  or  70  feet  down 
its  gentle  eastern  slope  into  the  hill.  Still  higher,  a  bed  known  as  the 
Dabney  bed  is  said  to  be  I)  feet  thick,  and,  when  worked,  furnished  coal 
of  a  superior  (pmlity,  especially  for  blacksmiths'  use.  Several  other  beds 
have  also  been  opened  to  a  small  extent. 

I  append  a  section  of  the  neighboring  beds  made  by  Dr.  Hayden  in 
1867  and  1809  : 

Section  of  the  lignitic  beds  at  the  Marshall  mine*  Colorado. — Dr,  F.  F. 

Hayden,  1869. 

48.  Drab  clay  with  iron  ore  along  the  top  of  the  ridge. 

47.  Sandstone. 

46.  Drab  clay  and  iron  ore. 

45.  Coal,  (No.  11,)  no  development. 

44.  Drab  clay. 

43.  Sandstone,  15  to  20  feet. 

42.  Drab  clay  and  iron  ore. 

41.  Coal,  (No.  10,)  no  development. 

40.  Yellowish-drab  clay,  4  feet. 

39.  Siindstone,  20  feet. 

38.  Drab  clay  full  of  the  finest  quality  of  iron  ore,  15  feet. 

37.  Thin  layer  of  sandstone. 

36.  Coal,  (No.  9,)  nearly  vertical  where  it  has  been  worked,  12  feet. 

35.  Arenaceous  clay,  2  feet. 

34.  Drai)  clay,  3  feet. 

33.  Sandstone,  5  feet ;  then  a  heavy  seam  of  iron  ore  ;  then  3  feet  of 
drab  clav ;  then  5  feet  sandstone. 

32.  Coal,  (No.  8,)  4  feet. 

31.  Drab  clay. 

30.  Sandstone,  25  to  40  feet. 

29.  Drab  clay,  6  feet. 

28.  Coal,  (No.  7,)  6  feet. 

27.  Drab  clay,  5  feet. 

26. ')  .  ^  Sandstone  with  a  seam  of  clay,  12  to  18  inches,  intercalated, 
8-         25  feet. 

25.  >  "2-  \  ^rab  clay,  4  feet. 

24.  h="  I  Coal,  (No.  6,)  in  two  seams,  4*  feet. 

23.3"  t  ^)rab  clay,  3  to  4  feet. 

22.  Ydlowish,  fine-grained  sandstone  in  thin,  loose  layers,  with  plants, 
6  to  10  feet. 

21.  J  g.  i  Drab  clay,  excellent  iron-ore.  ) 

20.  S  £  ^  Coal,  (No.  5,)  7  feet.  >  15  feet. 

19.  VS  (Drab  clay.  ) 

18.  Sandstone,  dii)  1  lo.  This  sandstone  has  a  reddish  tinge,  and  is 
less  massive  than  14. 


17.  Drab  clay.      ) 

16.  Coal,  (No.  4.)  \  20  feet,  obscure. 

15.  Drab  clay.      ) 

14.  Sandstone,  massive,  60  feet, 

13.  Drab  clay. 
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12.  Sandstone. 
11.  Drab  clay. 
10.  Coal,  (No.  3.) 

9.  Dnib  cla3'. 

8.  Sandstone,  25  feet. 

7.  Drab  clay. 

C.  Coal,  (Xo.  2,)  8  feet. 

5.  Drab  clav. 

4.  Sandstone,  about  25  feet. 

3.  Drab,  lire-clay,  4  feet. 

2.  Coal,  (No.  1,)  11  to  14  feet. 

1.  Sandstone. 

"  In  bed  No.  22  there  ai*e  three  layers  of  sandstone,  which  contain  a 
great  variety  of  impressions  of  leaves.  Below  coal-bed  No.  G  there  is  a 
bed  of  drab  chiy,  7  feet  thick,  with  a  coal-seam  at  the  outcrop,  3  f^et 
thick;  but  the  coal  appears  to  give  out  or  psiss  into  clay  as  the  bank  is 
entered,  so  tliat  there  are  10  feet  of  clay  above  coal-bed  No.  0.  Much  of 
the  iron-ore  is  full  of  the  impressions  of  leaves  in  fragments,  stems,  grass, 
&c.  The  ore  is  mostly  concretionary',  but  sometimes  it  is  so  continuous 
as  to  give  the  idea  of  a  permanent  beil.  Above  coal-bed  5  there  is  a 
seam  of  iron,  with  oyster-shells,  appai'ently  (htrea  suhtrigonaliH,^ 

Professor  Lestjuereux  estimates,  allowing  for  wastage,  &c.,  that 
90,000,000  tons  of  lignitic  coal  are  probably  obtainable  from  beneath 
twenty-five  square  miles  of  the  Bowlder  Valley  region.  In  arriving  at 
this  ainonnt,  lie  considers  the  total  thickness  of  coal  ol)taine<l  over  this 
area  as  being  only  9  feet.  For  analysis  see  Table  A,  Nos.  10, 17. 
Fullerton  bank ;  range  70  west,  township  1  south,  section  21. 
Coal  Crei'k  openings:  range  70  west,  township  1  south,  section  33. 
These  are  about  three  rnile^  south  of  the  Marshall  and  Fullerton  mines, 
and  are  separated  from  them  by  a  plateau  twelve  to  fifteen  hundred  feet 
high.  TLey  were  lirst  opened  in  18G0,  when  a  drift  of  15(»  feet  was  driven. 
The  bed  oi)ened  probably  corresponds  with  the  sixth  coal-bed,  or  bed  No. 
23,  of  the  Marshall-mine  section,  and  was  here  7  feet  thick.  Six  other 
beds  have  also  been  found,  all  dipping  eastward  at  an  angle  of  about  43^, 
but  steepening  in  dips  to  08^  north  of  the  stream.  Underneath  the 
third  be<l  is  a  layer  of  excellent  fireclay,  G  or  7  feet  thick,  having  in  it 
nodules  of  iron-ore  containing  impressions  of  leaves  of  deciduous  trees. 
The  bed  that  was  oj)eneil  had  but  little  clay  on  either  side  between  it 
and  the  usually  inclosing  sandstones,  while  above  the  upper  sandstone 
is  another  bed  of  coal  and  more  fire-clay.  *' Above  the  coal  the  clay  is 
very  irregular,  sometimes  thinning  out  entirely,  so  that  the  sandstone 
comes  directly  ui>on  it."  All  the  beds  of  coal  are  so  badly  crushed  to- 
gether that  they  are  rendered  somewhat  obscure. 

From  Coal  Creek  the  sandstone  ledge  above  the  coal  can  be  easily 
traced  south  about  four  and  one-half  miles  over  a  broad  and  highly  ele- 
vated plateau  to  the  Leiden  mine;  range  70  west,  township  2  south, 
section  28. 

The  bed  here  appears  on  the  western  side  of  a  sandstone  ridge,  and  is 
bent  over  slightly  beyond  the  vertical,  and  appears  dipping  at  a  high 
angle  toward  the  mountains.  The  owner  in  September,  1870,  lost  his 
life  by  entering  the  mine  when  the  air  was  foul  in  consequence  of  its 
having  been  left  unworked  for  some  time. 

Following  on  still  south  about  a  mile,  we  come  to  the  Murphy 
mine:  range  70  west,  township  2  south,  section  33,  on  llalston  Creek; 
about  five  miles  north  of  Golden  City,  and  but  twelve  or  Ibirteeu 
miles  from  Denver,  with  which  it  will  shortly  be  directly  connected  by 
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railway.  This  mine  ranks  with  the  Marshall,  Erie,  and  Golden  mines  in 
importance,  and  the  same  number  of  seams  of  coal  are  cJaimed  to  have 
been  found  here  as  at  Marshall's,  namely,  eleven,  but  here  all  standing 
nearly  vertical.  Of  these  the  lowest,  or  westernmost,  was  first  opened  in 
the  south  bank  of  Ealston  Creek  to  a  distance  of  about  30  feet,  and  found 
to  be  y  feet  thick  of  good  coal.  The  bed  next  above,  however,  or  about 
25  feet  to  the  east,  being  more  conveniently  situated  and  thicker,  was 
worked  in  preference.  A  shaft  was  sunk  in  this  bed  on  the  north  side 
of  the  stream  to  a  depth  of  CO  feet,  and  levels  run  either  way,  since 
when  the  shaft  has  been  farther  sunk  to  a  total  depth  of  112  feet. 
"Where  worked,  the  course  of  the  vein  is  south  23^  east,  magnetic  dip 
vertical,  and  thickness  varying  from  14  to  18  feet,  averaging  10  feet,  of 
brilliantly  lustrous-cleaving  coal,  without  parting  of  any  kind,  and  free 
from  slateij.    For  analyses  see  Nos.  11  to  14  in  Table  A. 

In  1870  mining  cost  $1.50  per  ton,  coal  run  out  by  the  miners,  who 
found  their  own  powder,  lights,  and  tools,  the  owner  getting  the  timber 
fh)m  the  mountains;  coal  was  then  84  per  ton  at  the  mine.  Eighteen 
thousand  tons  of  coal  had  been  ta.ken  out  up  to  1872.  For  the  greater 
part  of  1873,  thirty-two  tons  per  day  were  extracted,  the  working  capacity 
being  probably  one  hundred  tons  per  day.  On  the  west  side  of  the 
bed  4  feet  of  fire-clay  are  found  suitable  for  pottery  and  fire-bricks,  and 
a  similar  bed  8  to  10  feet  thick  is  found  on  the  east  side.  Above  and 
below  these  the  usual  yellow  sandstones  occur.  Liinonite,  or  bog-iron 
ore,  is  found  near  by  to  some  extent. 

Loveland  mine :  range  70  west,  township  3  south,  section  4,  near  south 
line;  strike  north  and  south ;  magnetic  dip  70^ orSO^  west ;  vein  9  feet 
thick ;  no  parting. 

Golden  City  Mines. — In  going  south  from  the  Loveland  bank,  the 
course  of  the  coal  formation  is  irregular,  bending  in  westward  behind 
Xorth  Table  Mountain,  and  not  showing  well  upon  the  surface.  Here 
the  ^Mineral  Land  Company  owns  the  veins.  The  first  opening  is  on 
section  IG,  township  3  south,  range  70  west,  where  a  2  foot  vein  has  been 
found.  The  line  of  the  vertical  beds  is  but  poorly  indicated  by  the 
streaks  of  coal-smut  or  blossom.  In  one  instance,  about  two  nnles  north 
of  Clear  Creek,  these  were  followed  to  a  depth  of  70  feet  through  fire- 
clay belbre  they  led  to  solid  coal,  which  was  there  found  to  be  10  feet 
thick.  Passing  to  the  south  bank  of  Clear  Creek,  we  come  to  the  Golden 
City  miners  proper.  These  were  first  discovered  in  1801- (52,  and  have 
been  worked  continuously  since  18G5. 

Severa  1  small  a  nd  nearly  vertical  beds  quite  near  together  were  first  found 
in  the  steep  bank  of  Clear  Creek,  about  half  a  mile  below  where  it  issues 
from  its  'nountain  caiion.  The  place  was  unfavorable  for  working,  and 
the  extension  of  one  of  the  beds  southward  wa«  opened  on  the  summit 
of  the  ridge  about  a  quarter  of  a  mile  from  the  creek.  The  bed  here 
was  found  to  be  10  to  14  feet  thick,  and  a  shaft  100  feet  deep  was  sunk 
in  it,  levels  being  driven  north  and  south  from  the  bottom,  and  also  at 
a  depth  of  50  feet.  The  course  of  the  vein  is  south  53°  east,  with  dip 
varying  from  72°  to  G5^  southwest.  The  bed  proved  to  be  (|uite  irreg- 
ular in  thickness,  sometimes  pinching  to  a  few  inches  in  thickness,  and 
then  winding  to  8  or  10  feet.  Dr.  Uodge  considers  its  average  thick- 
ness as  being  about  5  feet.  lie  says  also  that  the  appearance  of  the 
coal  itself,  which  isof  a  diill  black,  without  the  bright  luster  common  to  the 
coals  from  the  other  mines,  has  operated  unfavorably  on  its  reputation 
in  the  Denver  market,  though  no  inferiority  of  quality  is  indicated  by 
the  analyses.  (See  Table  A,  analyses  7  to  10.)  It  is  obtained,  too,  in 
pieces  of  very  irregular  shape,  quite  unlike  the  handsome  rectangular 
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blocks  of  the  other  coals.  Like  them,  however,  it  is  plmost  entirely 
free  from  slate  and  iron  pyrites,  liesin  occuis  in  it  in  scattered  particles 
and  bunches  more  abundantly  than  in  the  coals  of  the  other  mines.  In 
1872  the  vein  was  worked  from  three  0|)enings,  and  up  to  that  time 
about  8,000  tons  of  coal  had  been  mined,  theaverage  amount  being  about 
thirty  tons  per  day. 

A  crosscut  from  the  bottom  of  the  mine  driven  70  feet  eiist,  gave 
the  following  section,  the  east  or  upper  end  being  at  the  top  of  the  sec- 
tion : 


No.  Nature  of  strata. 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 


Eaot  end,  bigbost,  geologically : 

Sandstouo 

Coal 

Clay 

Coal 

Clay 

Sandstouo 

Clay 

Black  slate 

Clay 

Sandstone 

Clay 

Sandstone 

Coal 

Sandstone 

Clay,  (west  end,  lowest,  geologically ) 


Thickness, 
in  feet. 


6 
2 
8 
2 
2 
3 
4 
3 
8 
7 
3 
12 
2 
4 
4 


Main  coal  bed,  total |  70 


The  eastern  sandstone  (No.  15)  is  probably  the  extension  below  of  a 
heavy  ledge  of  sandstone,  that  forms  the  crust  of  the  ridge.  The  clay 
is  all  fireclay,  of  pretty  uniform  and  excellent  quality,  very  similar  in 
appearance  to  that  of  the  true  coal-measures.  It  is  used  for  the  manu- 
facture of  fire-brick  in  an  extensive  manufactory  at  the  base  of  the  hill. 
Dr.  Hayden  observed  near  by  the  following  outcrop  of  the  lower  lig- 
nite beds : 

East,  highest. 

Rusty  yellow  sandstone. 

Fire-clay,  with  one  or  two  unimportant  seams  of  coal,  10  to  15  feet. 

Coal,  8  feet. 

Fire-clay. 

Rusty  yellow  soft  sandstone. 
West,  lowest. 

The  clay  is  used  for  fire-brick  and  potter's  ware.  In  the  upper  bed  of 
sandstone  impressionsof  leaves  of  deciduous  trees  are  found,  among  them 
a  Plaianus.  In  the  southern  extension  of  the  Golden  City  beds  we  pass 
several  openings,  one  of  which  is  a  shaft  70  feet  deep,  showing  the 
nearly  vertical  bed  to  be  5  to  11,  and  even  14,  feet  thick  of  good  coal. 

Johnson  mine :  range  70  west,  township  4  south,  section  3,  shows  a 
bed  of  coal  7  to  9  feet  thick,  which  is  mined  from  a  shaft  90  foot  deep. 

Welch  and  Loveland  mine:  range  70  west,  township 4  south,  section 
3,  about  a  quarter  of  a  mile  only  south  of  the  Johnson  bank ;  course, 
south  50^  east  to  south  48^  east ;  dip,  71^  southwest.  A  drift  having  a 
course  of  north  34^  east  furnished  Mr.  Berthond  with  the  following  sec- 
tion: 
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No. 


12 
11 
10 
9 
8 
7 
(S 
5 
4 
3 
2 
1 


Nature  of  strata. 


iThickneeB, 
ill  feet. 


Top,  (northeast.) 

Coal,  No.  5 

Sundstouo  ami  clay 

Coal,  No.  4 

Sandstones 

Fire-clav 

Coal,  No.  3 

Sandstones 

Fire-clay 

Coal,  N'o.  2 

Fire-clay 

Coal,  No.  1 

Shale  and  sandstone 


5 

16 

1 

6i 

3 

3 

61 

4 

2 

5 

3 

5 


Coal  No.  5  is  mined  by  a  shaft  15  feet  in  perpendicular  depth  at  the 
end  of  the  drift. 

Wheeler  mine ;  range  70  west,  township  4  south,  section  14.  The  bed 
has  a  course  of  south  45^  east^  magnetic,  and  dip  of  74^ ;  is  7  feet  thick, 
and  has  been  worked  to  a  depth  of  40  feet,  furnishing  coal  not  of  very 
good  quality. 

Eowe  mine;  range  70  west,  township  4  south,  section  23.  The  course 
of  the  bed  is  here  south  48^  east,  and  dip  nearly  vertical  where  mined, 
though  it  is  70O  east  near  by.  The  coal  is  4  to  0  feet  thick,  and  is  the 
lowest  of  several  coal-beds  near  by.  Dr.  Ilayden  gives  the  following 
section :  Top,  arenaceous  clay,  3J  feet ;  coal,  4  feet ;  day,  3J  feet ;  coal,  4 
feet ;  clay,  5  feet,  base.  The  coal  is  reached  by  passing  141  feet  through 
sandstone.  Its  ash  is  white,  like  pine-wood  ashes,  and  small  in  quantity. 
tip  to  1808,  2o0  tons  of  coal  had  been  taken  out,  but  in  1872  the  mine 
was  idle  for  want  of  good  communication. 

Mann  opening;  range  70  west,  township  4  south,  section  24. 

Wilson  mine;  nmge  69  west,  township  4  south,  sections  31  and  32; 
oonrse,  south  50^  east,  magnetic  ;  not  mined  now. 
.    Gilpin  (or  Wenrich)  mine;  range  09  west,  township 5 south,  section 9. 

Jones  mine ;  range  69  west,  township  5  south,  section  35. 

A  little  farther  south  coal  was  opened  near  the  Platte  in  1866.  It 
occurred  in  two  beds,  in  all  about  5  feet  thick,  separated  by  alM)nt  2 
feet  of  clay,  and  not  of  very  good  quality.  On  the  opposite  (south)  side 
of  the  Platte,  in  the  continuation  of  the  same  line  ot  outcrops,  coal  has 
also  been  opened,  and  a  considerable  quantity  used  in  Denver. 

Iron, — Iron  concretions  occur  here  and  there  scattered  through  the 
clays  and  shales  of  the  lignitic  formation  at  certain  points,  usually  in 
the  coal  horizons,  and  may  be  so  continuous  as  to  give  the  idea  of  a  per- 
manent bed.  By  the  weathering  away  of  the  inclosing  rock,  as  the 
degradation  of  the  surface  by  erosion  goes  on,  these  concretions  some- 
times accumulate  in  sufQcient  quantities  to  appear  a^  solid  ledges  of  ore. 
In  the  South  Boulder  Valley  these  accumulations  cover  quite  large  areas. 
These  nodular  masses  are  of  limonite,  more  commonly  known  as  brown 
hematite,  or  brown  iron-ore,  and  probably  originally  existed  in  the  beds 
in  which  they  occurred  as  clay,  iron,  stone.  They  vary  from  an  ounce 
to  a  ton  or  more  in  weight,  and  on  breaking  them  opeii  they  are  often 
found  to  have  a  regular  concentric  structure,  like  the  layers  of  an  agate, 
the  layers  perhaps  varying  in  color  from  brown  to  yellow,  while  many 
of  the  nodules  are  full  of  impressions  of  leaves  in  fragments,  stems, 
grasses,  &c    From  the  vicinity  of  the  Marshall  mines,  on  South  Boulder 
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Creek,  Mr.  Marshall  has  gathered  and  taken  out  more  than  500  tons  of 
this  ore.  In  smelting  it  in  a  small  blast-furnace,  witli  pure  charcoal 
from  the  mountains,  the  following  mixture  was  used  :  Ore,  L'OO  pounds; 
limestone,  20  pounds ;  charcoal,  13  to  15  pounds.  Smelted  in  this  way, 
4,400  i)ounds  of  ore  produced  one  ton  of  a  very  excellent  qu«ility  of  gray 
pig-iron. 

POSTLIGNITIC  FORMATIONS. 

In  the  lignitic  we  have  the  uppermost  of  those  sedimentary  formations 
which  participated  in  the  folding  and  upturning  of  the  rocks  along  the 
mountain  front,  while  it  is  also  the  last  extended  formation  with  which 
we  have  to  deal  east  of  the  mountains.  The  remnants  of  but  one  group 
of  sedimentary  rocks  is  here  found  which  is  more  recent  than  the  lig- 
nitic, and  that  is  quite  subordinate  both  in  extent  and  importance. 
Opportunity  was  not  had  to  study  it  particularly,  but  the  impressions 
received  from  what  was  seen  of  it  will  be  brieily  stated.  These  beds 
usually  consist  of  gravels,  often  exceedingly  coarse,  which  are  derived 
principally  from  the  archjcan  rocks  of  the  mountains,  and  consist  mostly 
of  hard  quartzite,  schist,  and  granite  d6hris.  They  always  lie  nearly  or 
quite  horizontal,  apparently  entirely,  undisturbed,  frequently  nearly 
cover  the  upturned  edges  of  the  older  folded  strata,  occasionally  almost 
lapping  over  them  on  to  the  metamorphic  rocks  of  the  mounUun  spurs, 
and  stretch  eastward  into  the  plains  in  well-marked  terraces.  Their 
thickest  development  is  naturally  nearest  the  mountains  from  which 
they  were  derived,  though  they  probably  nowhere  reac^h  a  thickness  of 
600  teet,  iwrhaps  not  half  that  amount.  The  main  cross  valleys  nearly 
always  cut  through  them  to  the  lignitic  or  cretaceous  beds  beneath, 
though  the  latter  are  generally  concealed  by  (Uhrift  or  alluvium  of  the 
streams.  They  seldom  completely  cover  the  highest  portions  of  those 
ridges  capped  by  Cretaceous  No.  1,  and,  at  the  north,  where  the  zone  of 
hogbacks  is  wide  and  these  ridges  lie  some  distance  from  the  mountains, 
the  gravels  are  forced  out  eastward  equally  far.  From  the  gently-slop- 
ing tops  of  No.  1  or  No.  3  they  here  extend  eastward  for  several  miles  as 
low  terraces,  as  near  the  Thompson  and  Saint  Vrain  Creeks.  Near  the 
latter  some  yellow  marl  occurs  above  the  gravels,  the  latter  being  cement- 
ed largely  with  oxide  of  iron.  The  benches  or  terrace^s  here  seldom 
reach  an  altitude  of  more  than  200  or  300  feet  above  the  streams,  often 
break  off  quite  abruptly  at  their  ends,  with  occasional  outlying  "table- 
mountains,''  lower  teiTaces  showing  here  and  there,  while  the  main  ter- 
race is  in  pliices  separated  from  the  hog-back  ridges  at  the  west  by  a 
small  north  and  south  valley.  Between  Left-Hand  and  Boulder  Creeks 
a  large  area  has  been  removed,  leaving  a  shallow,  fertile  valley.  In 
proceeding  southward  the  lower  folded  beds,  assuming  a  steeper  eastern 
dip,  occupy  a  much  nanower  zone  than  at  the  north,  and  tlie  terraces, 
likewise,  lie  close  up  under  the  mountain-spurs  and  reach  grcciter  alti- 
tudes. They  have,  perhaps,  a  typical  development  between  the  North 
and  South  Boulder  Creeks.  It  is  here  that  the  Triassic  sandstones  rise 
to  their  greatest  height  in  the  formidable  ridge  cut  midway  by  Bear 
Canon.  Passing  from  the  sandstones  over  hardly  more  than  2,000  feet 
of  outcropping  Jurassic  and  lower  Cretaceous  beds,  we  pass  directly 
from  No.  3  upon  the  high  gravel  terrace.  Boulders  of  the  red  sand- 
stone, over  10  feet  in  diameter,  may  here  be  seen,  and  the  mass  through- 
out is  of  exceedingly  coarse  material,  in  which  sandstone  boulders  pre- 
dominate. For  a  quarter  of  a  mile  outward  the  inclination  of  the  surface 
is  about  5'^,  gradually  becoming  Hatter,  until,  in  less  than  a  mile,  the 
abrupt  sloi>e  is  reached  which  descends  to  the  vallcjy  of  the  South  Boul- 
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der, 'lying  some  800  feet  below.  Opposite  rise  the  high  flat-topped  hills, 
composed  mostly  of  the  uearly  horizontal  lignitic  strata,  with  the  Mar- 
shall and  other  mines  upon  their  sides,  but  capped  with  the  same  gravel 
deposits. 

South  of  the  Boulder  Creeks  to  Coal  Creek  the  long  sweeps  of  high 
gravel  terraces  are  quite  continuous,  and  reach  quite  up  to  the  higher 
^opes.  Then  they  again  diminish  in  altitude.  From  North  Table  Mount- 
ain, near  Golden  City,  they  may  be  seen  at  the  north  extending  in  two 
or  three  terraces  from  the  higher  hog-backs  far  eastward  to  near  the 
jnnction  of  Clear  Creek  with  the  South  Platte,  a  few  miles  below  Denver. 
Near  this  point  several  prominent  outlyers  occur,  rising  a  few  hundred 
feet  above  the  river,  and  capped  with  from  a  few  to  50  or  GO  feet  of 
siliceous  gravel.  Even  to  the  east  of  the  Platte  a  few  remnants  are 
found  still  retaining  their  cap  of  archrcan  debris^  chroniclers  not  only  of 
the  former  wide  extent  of  the  bed,  but  of  the  great  amount  of  erosion 
which  has  taken  place  since  it  was  deposited.  Over  a  great  deal  of  this 
region  patches  of  debris  from  this  bed  may  be  found,  the  remains  after 
the  weathering  away  of  the  soft  subjacent  strata.  Farther  south,  from 
near  Bear  Creek  to  the  Platte,  tbe  terraces  are  again  lower,  and  much 
like  those  at  the  far  north. 

It  is  here  hardly  necessary  to  refer  to  tbe  latest  of  all  the  geological 
formations,  and  that  progressing  at  the  present  time,  the  alluvium 
which  has  accumulated  in  places  along  all  tbe  larger  streams  of  the 
plains.  In  places  spreading  out  in  considerable  areas,  it  forms,  both  on 
account  of  natural  fertility  and  ease  of  irrigation,  (which  has  here  to  be 
resorted  to,)  some  of  the  best  agricultural  lands  in  the  Territory.  Oth- 
erwise it  is  of  no  special  interest,  being  apparently  like  most  local  river 
ailuviums. 

TUE  ERUPTIVE  ROCKS  OF  THE  PLAINS. 

The  eruptive  rocks  east  of  the  mountains  arc  exceedingly  limited  in 
extent,  and  would  barely  attract  any  attention  but  for  the  fact  that 
they  occur  in  the  midst  of  thickly-settled  regions.  The  only  points  at 
which  they  are  known  are  at  Valmont,  situated  at  the  junction  of  the 
I^orth  and  South  Boulder  Creeks,  and  near  Golden  City.  At  the  latter 
place  are  the  two  well-known  table-mountains  which  form  such  con- 
spicuous objects  in  the  foreground  of  the  high  range  when  viewed  from 
the  east.  The  accompanying  sketch  (Fig.  5)  by  Mr.  Holmes  gives  their 
api)earance  as  viewed  from  Bear  Creek  Station,  a  high  point  on  the 
very  border  of  the  mountains  overlooking  the  plains,  and  about  six 
miles  south  of  Golden  City.  The  characteristic  appearance  of  the  plains 
to  the  eastward  is  also  well  given.  The  table-mountains  are  separated 
from  the  granite  mountains  by  a  vallej'  about  a  mile  in  width,  in  which 
Goldeu  is  situated,  and  stand  one  on  either  side  of  the  gorge  through 
which  Clear  Creek  tlows  after  debouching  from  the  mountains.  The 
railroad  now  passes  through  this  gorge  and  on  up  the  caiion  of  Clear 
Creek  to  the  mining  regions.  These  two  hills,  which  are  irregidar  in 
8hax)e,  with  diameters  but  little  over  a  mile  in  any  direction,  are  formed 
below  of  the  horizontal  strata  of  the  lignitic  gioup,  capped  by  layers  of 
basaltic  lava.  The  northern  table  stands  the  highest,  reaching  some 
900  feet  above  Clear  Creek,  and  700  or  SOO  above  the  sun*ounding  valley. 
The  tops  of  botb  are  nearly  in  the  same  plane,  which  dips  gently  to  the 
south  and  east  at  an  angle  of  about  two  or  three  degrees.  The  source 
of  this  lava  is  from  l>eneath  North  Table  Mountain,  on  the  summit  of 
which,  and  near  the  northwest  corner,  the  remnants  of  a  group  of  small 
volcanic  coues  may  still  be  seen;  weather-beaten,  and  uearly  worn  away, 
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they  still  suffice  to  show  from  wheuce  the  lava  came.  From  near  this 
poiut  the  lava  flowed  toward  the  theu  lowest  portions  of  the  country, 
and,  in  virtue  of  its  hardness,  formed  a  protective  cap  to  the  softer  beds 
beneath,  which  could  withstand  erosion  better  than  the  surrounding 
unprotected  hills.  The  latter  have,  therefore,  wasted  away  the  faster, 
and  the  former  valley  has  become  the  mountiiin.  The  thin  edges  of  the 
lava-sheets  have  also  been  gradually  worked  backward,  and  broken 
away,  and  the  limits  of  the  tables  are  constantly  becoming  more  and 
more  circumscribed. 

The  more  comiiact  varieties  of  the  lava  vary  from  brown  to  black  in 
color,  and  from  a  very  compact  to  a  line  grained  texture,  being  rather 
dull  in  luster,  (basalt.)  In  this  as  a  matrix  there  may  or  may  not  be 
porphvretically  imbedded  numeious  black  and  well-formed  crystals 
of  augite,  giving  a  doleritic  character  to  the  basalt,  while  yellow  decom- 
posing spots  of  an  undetermined  mineral,  probably  olivine,  are  often 
present.  These  varieties  are  columnar  in  structure.  Very  vesicular  or 
scoriaceous  lava  also  occurs,  as  well  as  amygdaloidal  material  At  one 
point  the  latter  had  a  light  gray  or  purplish  base,  granular,  with  im- 
bedded augite  crystals,  the  numerous  irregular  cavities  being  tilled 
with  zeolitic  minerals.  Chahazite^  leucite,  imtroUle^  and  others  are  said 
to  occur. 

Near  the  north  end  of  the  north  mountain  the  edges  of  several  of  the 
harder  lava-flows  show  well  as  lines  of  clifl's  or  palisades  running  along 
the  hill-side,  separated  by  the  slopes  of  softer  rock  between.  A  sec- 
tion was  here  observed  as  follows: 

Cliff  at  top, — Dark  columnar  doleritic  basalt 40 

Slope, — Scoriaceous  basalt  and  amygdaloidal  dolerite 30 

Palisade. — Columnar  basalt CO 

Slope. — Debris  of  scoria  and  volcanic  sand 100 

Palisade. — Columnar  basalt 30 

Slope. — Covered  to  base. 

These  lava-flows  are  not  widely  continuous,  some  extending  much 
farther  than  others.  The  northern  end  of  South  Table  Mountain  rises 
about  600  feet  above  Clear  Creek,  the  volciinic  products  reaching  an 
average  thickness  of  about  125  feet.  Immediately  below  the  lava  the 
lignitic  beds  at  several  points  yield  many  fossil-leaves.  Besides  the  two 
tables,  and  extending  from  near  them  in  a  line  trending  a  little  west  of 
north  to  the  bend  of  Kalston  Creek,  near  the  Murphy  mine,  are  four 
rounded  butt-es  topped  with  the  same  lava ;  whether  an  extension  of 
the  dike  through  which  the  lava  has  been  erupted,  or  reuuiants  of  a 
lava  stream  from  the  Xorth  Table,  was  not  ascertiiined,  though  it  is  ap- 
parently the  latter. 

Green  Mountain,  or  Mount  Hendricks,  is  a  bulky  hill  situated  a  few 
miles  south  of  South  Table  Mountain,  and,  like  it,  isolated  from  the 
main  range  by  the  zone  of  hog-backs.  Lelow  it  also  is  made  up  of  lig- 
nitic strata,  while  above  occur  large  bowlder- beds  of  rolled  volcanic 
rocks,  showing,  in  its  northeast  side,  that  it  is  apparently  an  extension 
of  the  same  lava  that  caps  the  Soutli  Table  Mountain. 

Valmont — The  only  remaining  instance  of  the  occurrence  of  volcanic 
rock  east  of  the  mountains  is  the  dike  at  Valmont.  This  dike  was 
examined  by  Dr.  Hayden,  and  a  description  and  illustration  will  be 
found  in  his  report.  Being  within  my  district,  however,  I  will  mention 
it  briefly,  the  facts  being  gathered  from  the  notes  of  Dr.  Ilayden  and 
Mr.  Holmes. 

The  dike  is  vertical,  and  appears  as  a  wall-like  ridge  rising  abruptly 
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ja8t<ia8t  of  the  junction  of  the  North  and  South  Boulder  Creeks,  to  a 
height  of  275  or  300  feet.  From  this  point  the  trend  is  very  nearly 
northeast,  und  for  a  mile  the  points  of  the  ridge  all  reach  a  height  of 
over  200  feet.  In  another  mile  it  falls  to  the  plain  and  disappears.  On 
the  south  side  of  the  dike  abuts  a  remnant  of  a  gravel  terrace.  In  a 
direction  nearly  west  of  the  west  end  of  the  main  dike,  and  near  Boulder 
City,  a  small  outcrop  again  shows  itself  above  the  plains.  This  wall  of 
rock  weathers  in  very  sciuare  blocks.  A  specimen  shows  the  lava  to  be 
a  doleritic  basalt  composed  of  a  very  hard  crystalline  base,  much  more 
crystalline  than  the  golden  lava,  of  handsome  dark  gray  color,  in  which 
a  greenish  transparent  feldspar  seems  to  predominate,  and  containing, 
porphyritically  imbedded,  numerous  crystals  of  black  augite.  North  of 
Valmont  some  miles,  a  conical  hill  would  seem  to  indicate  the  presence 
of  another  small  dike. 

There  is  no  reasoii  why  Itiva  did  not  flow  through  the  vertical  crevice 
or  fracture  which  here  broke  across  the  sedimentary  rocks,  eventually 
giving  form,  to  the  dike  which  we  now  see,  and  pour  out  over  the  theu 
higher  surface  of  the  country  in  sheets,  as  at  the  Table  Mountains  of 
Golden  City.  Destroy  the  flat  tops  of  the  latter,  as  erosion  is  certain 
to  do  in  time,  and  beneath  them,  at  least  of  the  North  Table,  a/ac  simile 
of  the  Valmont  dike  would  probably  be  found.  Indeed,  above  and  near 
Valmont  the  old  lava  flows,  w  hich  poured  through  the  dike  and  flowed 
over  the  surface  of  the  country,  were  first  probably  formed  into  table- 
mountains  and  then  gradually  worn  away  until  erosion  has  entirely 
removed  all  evidences  of  them  save  the  lava  which  remains  as  a  dike  in 
the  crevice  through  which  the  earlier  lava  flowed. 

GENERAL    STRUCTURAL    FEATURES    OF    THE    MOUNTAIN-BORDER    RE- 
GION. 

It  has  been  quite  impossible  in  giving,  in  the  preceding  pages,  the 
more  s[)ecial  features  of  each  formation,  not  to  refer  more  or  less  to  the 
manner  in  which  the  whole  series  of  sedimentary  rocks  has  been  folded 
at  dift'erent  points  along  the  face  of  the  range.  These  general  structural 
features,  however,  have  so  many  points  of  interest  attached  to  them  that 
they  deserve  to  be  considered  separately. 

On  Plate  II  are  gathered  seventeen  geological  sections  across  this  zone 
of  folded  strata.  They  trend  as  nearly  as  possible  at  right  angles  to 
the  outcropping  beds,  or  approximately  east  and  west,  extend. from  the 
archajan  Tocks  on  the  west  across  the  more  prominently  exposed  ledges 
of  sedimentary  rocks,  and  are  arranged  one  below  the  other  in  their 
natural  order  from  north  to  south.  No.  1  being  farthest  north.  No.  17 
larthest  south.  The  map  upon  the  plate  covers  the  northern  portion  of 
this  zone,  and  shows  the  positions  of  the  first  nine  sections.  The  char- 
acteristic topography  of  the  region  is  given  in  contours,  approximately 
200  feet  apart  vertically,  and  the  geology  is  indicated  as  far  as  possible 
without  the  aid  of  colors  and  without  obscuring  the  topography.  Since 
the  outcrops  of  Cretaceous  No.  1  and  the  border  of  the  archajiin  rocks 
liere  give  the  key  to  the  general  structure,  they  are  indicated  more  promi- 
nently than  the  other  formation.  The  positions  of  the  remaining  sec- 
tions, from  10  to  17  inclusive,  are  given  on  the  map,  showing  the  distri- 
bution of  coal,  &c.  (Fig.  4.)  Sections  1  to  9  are  drawn  on  a  scale  of 
three-quarters  of  a  mile,  or  3,520  feet  to  one  inch  ;  sections  10  to  14  on 
a  scale  of  800  feet  to  one  inch  ;  sections  15  to  17  on  a  scale  of  1,600  to 
one  inch  ;  the  vertical  scale  in  all  cases  being  as  nearly  as  possible  the 
same  as  the  horizontal.    Sections  3  to  9  are  arranged  exactly  north  and 
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south  of  one  another  as  they  actually  occur,  while  1  and  2  are  offset  a 
few  inches  to  the  left  The  latter,  to  be  represented  in  their  true  relative 
position  with  resi>ect  to  the  others,  therefore,  should  be  considered 
moved  about  SJ  inches  (representing  4.3  miles)  to  the  right,  as  indicated 
by  tbe  points  at  which  each  section  is  intersected  by  the  meridian  of  105^ 
15'  west  longitude. 

These  sections  are  the  result  of  rapid  field-work,  and  can  by  no  means 
•claim  to  be  free  from  local  errors,  though  the^'  express  truthfully  all  the 
main  features  of  the  region. 

Thicknesses  have  in  all  cases  been  estimated  or  obtained  by  ])acing, 
and  many  local  ix)ints  not  well  fixed  by  the  toi>ographei*'s  notes  have 
been  filled  in  by  the  eye. 

In  traveling  from  the  north  along  the  zone  of  hog-backs  lying  at  the 
base  of  the  mountains  southward,  the  traveler  finds  the  mountain  slo|>e 
directly  west  of  him  falling  lower  and  lower  until  it  becomes  an  insig- 
nificant ridge,  and  finally  dies  away  in  the  plains. 

Passing  around  the  southern  end  of  the  diminishing  ridge  the  main 
mountain-slope  is  found  lying  several  miles  to  the  west,  and  separated 
from  the  ridge  by  a  bay-like  valley  extending  northward  behind  it. 
There  are  here  several  such  oftsets  or  jogs  in  the  mountain  border, 
caused  by  it^  component  ridges  being  arranged  en  echelon^  north  and 
south  of  each  other.  The  trend  of  these  spurs  is  somewhat  west  of 
north,  while  their  echelon  arrangement  is  such  that  a  line  touching 
their  southern  ends  trends  east  of  north  and  west  of  south,  with  a  flat 
concavity  presented  to  the  east.  As  is  so  often  the  case  in  the  West, 
these  peculiar  topographical  features  are  but  the  surface  expression  of 
a  similar  and  equally  imi)ortant  geologic  cause.  These  ridges,  and  the 
included  valleys,  indicate  that  here  the  folding  of  the  rocks  hav^e  also 
taken  place  en  echelon.  The  ridges  are  uplifted  or  anticlinal  folds,  the 
valleys  depressed  or  synclinal  folds,  both  dying  away  southward  into 
the  flatness  of  the  plains,  though  the  west  side  of  the  westernmost 
synclinal  is  always  preserved  in  the  normal  uplift  along  the  main 
mountain-base.  With  such  a  stnicture,  and  since  the  sedimentary  rocks 
have  been  to  a  very  great  extent  eroded  from  the  summit  of  the  ridges 
and  worn  down  to  a  pretty  uniform  level,  it  is  ncKsessary  that  the  out- 
cropping strata  should  be  found  bending  around  the  southern  ends  of 
the  spurs,  their  strike  first  swinging  westward,  that  of  the  lower  beds 
bending  on  still  farther  to  the  northwest  to  form  the  eastern  side  of 
shallowing  synclinal  basins,  which  finally  terminate  to  the  north,  the 
reverse,  in  all  respects,  to  the  anticlinal  ends,  while  the  uppermost  beds, 
those  farther  out,  do  not  necessarily'  bend  around  into  the  synclinals, 
but  after  turning  somewhat  westward,  again  resume  their  southern 
course  with  the  others.* 

The  most  interesting  feature  of  these  folds,  next  to  their  general  eche- 
lon arrangement,  is  the  fact  that  in  the  anticlinals  the  western  side  of 
the  fold  is  always  more  abnipt  than  the  eastern  side,  and  may  become  a 
fault,  the  downthrow  being  upon  the  western  side.  That  is  to  say,  the 
tendency  of  the  torches  forming  the  folds  seems  to  have  been  to  lift  up 
the  eastern  side  relatively  to,  and  push  it  over  against,  the  western  side; 
and  the  expression  of  this  tendency  has  been  either  an  abrupt  down- 
ward bend  of  the  west  side,  or  a  direct  downward  faulting  of  the  west 
side,  or  by  both  combined.  And  along  the  same  fold  these  three  forms 
of  arriving  at  the  same  result  are  interchangeable.  Indeed,  the  tyi>e  of 
these  anticlinals  en  echelon  may  be  expressed  thus :    From  the  rather 

*  These  echelon  ridges  and  folds  were  first  observed,  so  far  as  I  know,  by  Dr.  Ilayden 
in  1869,  and  partiidly  described  in  his  report  for  that  year. 
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abrupt  8ontlieni  point  of  one  the  ridges  of  outcropping  rock  soon  bend 
on  the  one  side  east  of  north,  on  the  other  to  the  west  of  north,  inclos- 
ing between  them  the  higher  ridge  of  arcluean  rock.  The  eastern  side, 
however,. dips  gently  eastward,  frequently  not  over  2(P,  seldom  reaching 
4(P,  while  upon  the  west  the  same  ridge  often  stands  nearly  or  quite 
vertical,  and,  following  it  northward,  the  drag  downward  soon  becomes 
quite  suflicient  to  fault  the  bed  also,  while,  farther  on,  the  increasing 
fault  may  not  upturn  the  beds  upon  its  west  side  at  all.  Farther  north, 
after  passnig  beyond  the  limits  of  the  sedimentary  rocks,  the  fault  be- 
comes far  more  difficult  to  trace  in  the  more  structureless  archa^an  rocks. 

The  echelon  folds  and  faults  that  occur  within  my  district  are  shown 
by  the  first  nine  sections  of  Plat«  II  and  the  accompanying  map.  The 
anticlinals  are  designated  by  the  letters  a,  &,  c,  d,  e,  the  same  fold  always 
having  the  same  letter  attached.  Folds  a  and  c  are  the  two  principal 
ones. 

Circling  around  the  southern  end  of  the  high  schist  ridge  a,  section  !,• 
and  dipping  away  from  it  to  the  east,  south,  and  west^  are  the  edges  of 
the  Triassic  red-beds  which  once  mantled  over  it,  but  which  erosion  has 
removed  and  worn  downward,  leaving  but  two  prominent  ridges  now 
projecting  above  the  surface.  Two  or  three  miles  to  the  east  rises  the 
abrupt  west  face  of  the  hog-back  ridge  formed  of  the  variegated  Juras- 
sic shales,  capped  by  the  hard  sandstones  of  Cretaceous  No.  I,  all  dipinng 
gently  to  the  east.  The  latter  sandstones  are  here  formed  of  two  main 
layers,  separated  by  about  100  feet  of  softer  shales  and  sandstones. 

This  double  ridge  trends  from  here  nearly  southwest  to  where  the  Big 
Thompson  and  Dry  Creeks  join,  when,  turning  very  abruptly,  it  assumes 
a  northwest  direction.  At  the  point  of  turning  the  southward  dip  of 
the  lower  sandstone  of  No.  1  is  20^,  that  of  the  upper  being  60o.  The 
ont^r  beds  likewise  swing  around,  but  in  curves  of  much  larger  radius, 
though  they  are  much  obscured  by  the  soil  and  the  gravel  terraces.  In 
its  northwest  course  the  double  ridge  stands  vertical  like  two  parallel 
stone  walls,  for  about  two  miles,  when  it  quite  abruptly  disappears,  cov- 
ered either  by  the  thick  soil  present  or  faulted  below  the  surface.  (See 
sections  1  and  2.) 

Along  the  west  side  of  the  valley  the  same  beds  again  outcrop  in  their 
normal  iiosition  upon  the  face  of  the  granite  ridge  b,  dipping  east  at  a 
gentle  angle,  and,  with  a  nearly  southward  strike,  they  may  be  followed 
nearly  to  the  Little  Thomi)8on.  When  crossing  Dry  Creek  No.  1  has 
an  east  dip  of  20^,  that  of  the  overlying  beds  of  No.  2  and  No.  3  in- 
creasing to  350  and  oOo  within  a  mile  to  the  east. 

Before  reaching  the  Little  Thompson,  however.  No.  1  again  steepens 
in  dip,  and  the  strike  suddenly  swings  from  south  to  west  and  northwest, 
inclosing  a  low  anticlinal  hill  (b,  section  5)  of  Jurassic  beds,  on  the  south- 
west side  of  which  it  appears  standing  nearly  vertical. 

Following  it  north  it  shortly  disappears,  and,  as  the  Cretaceous  shales 
now  lie  upon  the  west,  both  a  fault  and  fold  probably  exist.  (Section 
5.)  Still  farther  north,  at  b,  section  4,  a  ridge  of  quartzite  makes  its  ai)- 
pearance,  indicating  a  decided  increase  of  the  fault.    (Section  4:.}t 

Again  to  the  north  the  fault  seems  to  be  replaced  by  a  simple  fold,  as 
in  section  3,  b.    To  the  north  of  Dry  Creek  the  high  schist  ridge  ft,  sec- 

*  Tho  details  of  this  northorn  fuld  have  been  kindly  furnished  me  by  Mr.  Holmes 
and  Dr.  Hay  den. 

t Though  the  stmctnre  at  this  point  was  at  the  time  understood  to  be  as  given  in 
section  4,  and  though  the  quartzite  is  lithologically  the  same  as  neighboring  arcliican 
ciuiirtzites,  this  ridge  may  still  be  a  metamorphosed  fragment  of  the  somewhat  similar 
Cretaceous  No.  1  broken  down  into  the  present  position. 
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tion  2,  rises  in  a  long  spar,  the  red-beds  maotliu^  rouDd  it8  soatbem 
end  with  a  very  low  dip,  while  upon  its  western  side  small  areas  of  the 
red-beds  still  remiin,  and,  preserving  an  eastern  dip,  indicate  a  faalt 
separating  them  irom  the  main  ridge. 

Returning  southward  we  find  west  of  the  ridge  b  the  same  series  again 
reclining  at  a  gentle  angle  upon  the  next  echelon  ridge  to  the  west,  c. 
The  hill  o,  section  4,  is  a  very  commanding  point,  rising  some  2,000  feet 
above  the  adjacent  ci'eeks. 

Its  uniform  eastern  slope  descends  to  the  long  ridge  of  red-beds  which 
runs  uninterruptedly  from  Dry  Creek  to  the  Little  Thompson,  and  dips 
eastward  at  an  angle  not  far  from  10^.  Ending  as  a  ridge  at  the  Little 
Thompson,  the  next  ridge  of  re<l-beds  to  the  south  is  found  between  the 
Little  Thompson  and  Saint  Train's  Creeks,  but  oflset  some  three  miles 
to  the  west  with  respect  to  the  former  ridge. 

In  the  Lower  Little  Thompson  the  ridge  h  does  not  exist  as  an  anti- 
clinal at  all, though  its  efiect  maybe  seen  in  the  Hatter  dip  of  the  beds. 
Proceeding  up  the  stream  an  excellent  section  of  the  rocks  may  be  ob- 
tained from  Cretaceous  No.  3  downwaitl  to  the  Metamorphic  rocks,  the 
gravel  terraces  concealing  all  east  of  No.  3.    (Section  0.) 

In  passing  through  the  ridge  formed  by  No.  1,  it  is  here  seen  to  flatten 
and  swing  around  westward  to  the  south,  ou  through  the  red-beds, 
which  show  a  like  tendency,  when,  at  their  base,  a  rugged  outcrop  of 
archsBan  quartzite  presents  itself,  on  which  the  red-beds  rests,  and  on 
the  west  side  of  which  their  lower  members  are  dragged  abruptly  down- 
ward, followed  by  a  space  of  contorted  strata  which  is  fairly  represented 
in  section  6.  The  quartzite  is  the  southern  extremity  of  the  long  south- 
east spur  of  the  ridge  c.  Continuing  southward  from  thispoint,  and  after 
passing  some  of  the  contorted  beds,  No.  1  is  found  on  either  side  gradu- 
ally closing  to  the  south,  with  a  flat  east  dip  and  steep  west  dip,  c,  sec- 
tion 7.  The  trio  sides  join  farther  on,  the  bed  becoming  continuous,  but 
again  the  area  covered  by  No.  1  is  broken  oi)en,  and  a  small  crescent- 
sbai>e  patch  of  the  underlying  Jurassic  is  ex]>osed  on  the  summit  of  the 
hill  c,  section  8,  lying  midway  between  the  Little  Thompson  aud  Saint 
Vrdin's  Creeks.  The  steeper  dip  at  this  isolated  point  is  ui)on  the  east. 
This  is  the  last  known  indication  southwanl  of  fold  c.  Taking  it  up 
again  at  the  Little  Thompson,  section  0,  and  following  it  northward,  we 
fiud  upon  the  east  side  of  the  schist  ridge,  e,  the  long  sandstone  ridge 
before  spoken  of  dipping  gently  east,  while  the  red-beds  upon  the  west 
side  of  the  sharp  ridge,  instead  of  being  upturned  upon  it  and  dipping 
west,  are  faulted  sharply  downward,  abutting  directly  against  it.  As 
the  northern  end  of  the  valley  rises,  and  erosion  having  removed  the 
beds  at  higher  levels,  the  lower  sedimentary  rocks  are  found  forming  a 
bay-like  area  southwest  of  the  high  hill  c,  section  4,  faulted  against  the 
schists  at  the  east,  and  lying  upon  the  schists  on  the  west  and  north, 
(section  5.) 

Passing  north  around  the  steep  west  base  of  the  high  hill  c,  an  iso- 
lated sandstone  area  of  similar  structure  is  found  in  Eatllesnake  Park, 
(section  3.)  It  would  here  seem  as  if  the  fault  bent  from  a  northwCvSt  to 
a  northeast  course,  lieturning  to  the  sandstone  bay,  west  of  ridge  e,  its 
lower  red- beds  are  found  mantling  around  the  south  end  of  tbe  lower 
schist  ridge  dj  lying  west  of  hill  c,  with  a  south  dip  of  about  40^,  when, 
turning  southward,  they  form  the  high,  western,  most  hog  back  ridge 
between  the  Little  Thompson  and  North  Saint  Vrain's.  East  of  this 
ridge  the  same  beds  are  folded  into  the  rolling  {luticlinal  d,  section  7, 
which  a  few  miles  south  is  only  apparent  by  the  flatness  of  No.  1  on  the 
south  side  of  the  Saint  Vrain's,  (sections  8  and  9,  d,)    The  high  promi- 
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ueot  butte  just  west  of  the  juDctiou  of  tbe  two  Saint  Train  Creeks  is 
a  southward  continuation  of  the  ridge  of  red-beds  to  the  north,  and,  at 
its  western  base,  its  lower  beds  are  found  faulted  downward  about  300 
feet,  showing  about  50  feet  of  granite  at  the  base  of  the  hill,  section  8. 
This  forms  the  minor  echelon  fault  e.  Uiwn  the  south  side  of  the  river 
canon  it  may  be  seen  as  an  exceedingly  gentle  fold,  and  on  still  farther, 
whore  the  red  beds  lie  at  a  very  low  angle  reaching  far  up  upon  tlie  gentle 
mountain  slope,  it  is  still  barely  indicated,  (section  9.)  From  here  south- 
ward the  pronounced  multiple  character  of  the  fold  ceases  with  the 
dying  away  of  the  fold  e,  though  the  influence  of  the  various  flexures 
may  still  be  felt  here  and  there  in  the  plains  in  slight  changes  of  dips. 
The  gentle  plications  fonnd  at  the  Baker  and  Marshall  mines  may  be  the 
southern  continuation  of  some  of  the  folds  at  the  north. 

From  a  few  miles  south  of  Saint  Vrain  Creek  the  flatness  of  the  dip 
gives  the  outcropping  beds  a  wide  zone  of  exposure  upon  the  surface, 
the  lower  measures  reaching  farther  west  upon  the  long  mountain-slope 
than  at  any  other  point.  The  dip,  however,  rapidly  steepens  in  going 
south,  causing  the  zone  of  outcrops  to  contract  within  narrow  limits, 
which  is  accomplished  by  the  ap])roach  toward  the  mountains  of  the 
outer  lines  of  ridges.  At  Left-Hand  Creek  they  are  gathered  within 
quite  a  narrow  space,  the  lower  beds  dipping  ejistward  at  an  angle  of 
20O  or  30O. 

P'rom  here  southward  to  South  Platte,  this  one  line  of  upthrow  is  per- 
fectly continuous,  and,  though  i)eculiar  in  its  character,  being  something 
more  than  a  mere  simple  upward  fold,  it  is  nowhere  promuiently 
offset  en  Schehn  by  another  fold,  at  the  north,  though  the  tendency  is 
exhibited  at  a  few  points,  as  at  Bear  Canon  and  Golden  City.  The  gen- 
eral direction  of  this  line  is^at  first  south,  gradually  swinging  to  about 
south  20O  east,  or  about  parallel  with  the  echelon  folds,  of  which,  in 
reality,  it  may  be  considered  as  a  very  long  one.  Taken  as  a  whole,  the 
general  course  of  the  line  of  outcropping  hog-backs  along  the  mountain 
front,  as  indicated  by  a  line  drawn  tangent  to  the  southern  ends  of  the 
echelon  folds  at  the  north,  and  following  the  more  connected  line  of  out- 
crops at  the  south,  presents  a  great  cresent  or  arch  like  form,  with  its 
flat  concavity  to  the  east ;  the  span  north  and  south  being  sixty  miles, 
the  ver-sine,  or  depression  westward,  at  the  middle,  being  about  ten 
miles.      The  southern  portion  of  the  fold  yet  remains  to  be  examined. 

North  from  Boulder  City  the  lower  red-beds  appear  in  a  low  ridge,  the 
western  i)ortions  of  which  are  thrown  over  a  few  degrees  beyond  the 
vertical,  as  in  section  12,  to  be  described  later,  the  remaining  beds  being 
pretty  effectually  obscured  by  the  gravel  terraces.  They  probably  quite 
abruptly  assume  a  very  gentle  eastern  dip,  however. 

At  Bear  Canon,  as  frequently  noticed  before,  from  beneath  the  high 
gravel  terraces  the  full  series,  from  Cretaceous  No.  3  downward,  are  all 
fully  exposed,  dipping  very  regularly  50^  to  5oo  eastward.  But  beyond 
the  high  ridge  of  hard  Triassic  sandstone,  and  the  granite  behind  it,  a 
second  and  higher  ridge  appears.  It  is  of  the  same  sandstone,  a  fault 
separating  the  two,  the  down-throw  being  on  the  west  side,  as  shown  in 
section  10.  The  western  ridge  probably  never  stood  so  high  above  its 
present  position  as  to  be  in  the  same  plane  with  the  eastern  sandstone 
as  it  now  stands,  being  subsequently  faulted  down  into  its  present  posi- 
tion, but  both  were  probably  simultJineously  tilted  from  the  horizontal 
into  their  present  positions  by  the  one  operation. 

Scarcely  a  mile  south  of  this  section,  in  South  Boulder  Peak,  a  portion 
of  the  western  ridge  has  been  caught  in  the  faulting  and  bent  abruptly 
upward,  forming  a  sharp  synclinal,  as  shown  in  section  11.     Though 
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much  nietainorphism  anil  obliteration  of  bedding  has  here  naturally 
taken  place,  yet  there  is  enough  sti'ucture  remaining  to  show  that  the 
legs  of  the  V  make  an  angle  of  only  about  70^  degrees  with  one  another. 
The  erosion  of  the  surrounding  rock  has  left  the  south  end  of  this  V- 
shai>ed  mass  almost  as  if  perched  upon  a  peilestal  of  granite.  The  main 
ridge,  however,  continues  on  past  the  deep  cut  of  the  South  Boulder 
almost  to  Coal  Creek,  but  gradually  disiippearing  beneath  the  soil. 

Abreast  of  Bear  Canon,  about  three  miles  to  the  east,  the  outer  series 
of  rocks,  as  the  liguitic  with  the  coal  horizons,  nil  have  a  gentle  eastern 
dip,  but  in  coming  southward  of  Coal  Creek  they  approach  the  mount- 
ains and  assume  a  nearly  vertical  position.  Just  south  of  Coal  Creek 
Canon  section  12  occurs,  (Plate  II,  as  usual,  and  Fig.  4,)  in  which  some 
of  the  red-beds  lean  beyond  the  vertical,  and  appear  as  an  eastern  wall 
to  the  little  valley  inclosed  between  them  and  the  hills  of  schist  and 
granite  u|)on  the  west.  To  the  east  they  rapidly  flatten,  while  within  a 
half  mile  to  the  south  the  same  beds,  rising  in  a  higher  ridge  upon  the 
archa^an  rocks  near  Ealston  Creek,  again  show  a  tiat  dip.  Within  ex- 
ceediugly  short  distances,  then,  great  changes  of  dix>  may  occur,  and 
from  them,  with  but  slight  changes  of  exposure,  unconformability  might 
be  inferred.  Yet  all  are  ]K*iiectly  conformable  j  the  sudden  change 
really  indicatiug  only  a  very  abru])t  flexure  in  the  main  fold,  as  indicated 
by  the  dotted  lines.  To  the  east  tlui  formation  again  steepens,  the  coal 
horizons  being  found  nearly  vertical,  while  still  east  the  higher  be<ls 
again  quite  suddenly  assume  a  flutter  position,  indic^iting  just  such 
another  abrupt  flexure  as  occurs  here  nearer  the  mountains,  but  not 
necessarily  any  more  of  an  unconformability  than  here. 

A  few  miles  north  of  Golden  City  (see  Fig.  4)  a  very  remarkable  con- 
traction of  the  whole  series  commences,  all  the  outer  ridges  bending 
rapidly  westwartl  to  form  a  sort  of  loop  or  bay  in  the  rear  of  the  Table 
Mountains,  and  nearthenan-owestpoint  of  which  Golden  City  is  situated. 
There  has  been  some  difl'ering  opinions  expressed  about  the  structure  of 
this  region,  and  a  section  here  is  one  of  the  most  important  of  the  siTies. 
In  absence  of  a  complete  or  personal  examination,  a  section  drawn  by 
permission  from  one  made  by  Mr.  E.  L.  Berthoud,  is  presented,  (No. 
13.)  Its  general  correctness  may  be  assumed  not  only  on  account  of  the 
opportunities  and  ability  of  Mr.  Berthoud,  but  from  the  evidence  aftorded 
by  the  adjoining  sections,  between  which  and  that  at  Golden  there  aiHi 
many  points  in  common. 

The  closp  proximity  of  the  vertical  coal-beds  to  the  horizontal  beds  of 
Table  Mountain  has  been  taken  as  indicittiug  uncouformabillty  between 
the  two,  though  in  reality  it  no  more  follows  from  this  fact  than  would 
unconformability  in  the  Triassic  from  the  similar  i)lienomeiion  jnesented 
near  Coal  Creek.  Indeed,  the  change  of  dip  here  is  hardly  a.s  abrui)t  as  at 
the  latter  i)oint.  An  abrupt  fold,  as  indicated  in  the  other  sections 
along  the  front  of  the  range,  with  erosion  removing  those  portions  which 
by  fractnre,  &c.,  are  most  likely  to  be  removed,  would  naturally  leave 
this  portion  of  the  section  a*s  it  now  appears,  the  lignitic  behig  continu- 
ous and  conformable  throughout. 

One  of  the  most  interesting  features  presented  in  the  Golden  section 
is  the  ai)parent  thinness  of  the  usual  lower  beds  of  the  series.  This 
may  be  caused  by  an  actual  thinning  of  the  original  deposits  at  this 
point,  or  by  a  fault  which  has  pushed  the  higher  portion  of  the  series 
westward  over  the  upturned  edges  of  the  lower  portion,  thus  concealing 
much  of  the  latter.  That  the  former  is  not  impossible  follows  from  the 
conditions  naturally  attending  the  laying  down  of  new  formations  upon 
the  newly-prepared,  and  hence  uneven,  surfaces  of   older  rocks,  and 
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becomes  quite  probable  when  one  recollects  tbe  shelving  or  overhipping 
which  these  strata  present,  or  the  similar  meaning  phenoint^nou  of  the 
appearance  of  the  Carboniferous  beds  from  below  the  Triassic  at  the 
north,  as  well  as  the  great  variations  of  thickness  which  occur  just  to 
the  south.  At  the  same  time,  some  of  the  facts  at  hand  indicatt?  that  a 
peculiar  fault,  depending  on  the  nature  of  the  sharp  fold,  and  possibly 
connected  with  the  lava  near  by,  may  have  caused  the  preseut  appear- 
ance. Enough  is  not  yet  known  to  decide  with  certainty  which  of  these 
explanations  is  the  true  one,  but  it  is  hoped  that  a  few  hours'  work  dur- 
ing the  coming  season  may  clear  up  this  interesting  dynamical  problem. 

A  few  miles  farther  south  of  Golden  the  fonnation  again  widens, 
though  not  so  rapidly  as  north  of  the  town,  and  near  ]Mount  Vernon  it 
again  presents  nearly  tlje  same  section,  (No.  14.)  The  lower  dij>  uf  the 
lower  beds  growing  stee])er  in  i)assing  over  them  eastward  till  the  coal 
is  reached  standing  nearly  verti(!al,  with  the  Hat  beds  just  beyond,  in 
Green  Mountain,  gives  the  usual  tyj)e  of  section  hereal»outs.  Nearly 
the  same  order  is  preserved  at  Bear  Creek,  section  15.  East  of  Creta- 
ceous No.  1  nearly  all  is  her<»  covered,  but  a  few  ex]>osures  show  the 
upper  Cretaceous  very  nearly  level.  This  space  is  followed  by  an  out- 
crop of  the  coal  horizon,  standing  nearly  verticiil,  and  surrounded  by  a 
gravel  terrace.  Beytmd,  the  Lignitic  beds  again  flatten.  South,  still 
the  same  general  features  appear.  Tlie  lower  stnidstones  at  first  occupy 
a  widening  zone,  owing  not  only  to  a  lessening  dip,  but  also  to  an  actual 
thickening  of  the  beds.  Near  Bradford  Hill,  section  1(3,  they  extijnd 
quite  a  distance  upon  the  schists,  having  a  low  dip  at  the  west,  (15*^,) 
increasing  eastward,  (to  40^,)  and  flattening  again  in  No.  1  Cretaceous, 
(30^.)  As  the  coal-measures  farther  out  i)robiibly  steepen,  we  have 
again  the  common  type  of  fold,  a  larger  fold  which  seems  to  carry 
upon  it  two  minor  ones,  the  upper  and  western  one  with  a  rather  large 
radius,  the  lower  and  eastern  one  more  abrupt,  often  setting  the  beds 
beyond  the  vertical ;  the  larger  and  main  fold,  as  a  whole,  being  con- 
cave upward  ;  the  minor  folds  upon  it  being  convex  upw^ard.  A  large 
area  of  apparently  subaqueous  erosiou  is  an  interesting  feature  here. 
At  the  South  Platte,  section  17,  tlie  fold  seems  to  be  in  a  simple  curve, 
the  dip  of  the  lower  r(»d-beds  being  nearly  70^;  of  No.  1,  about  50^. 

The  abru])t  fold  which  is  so  constantly  present  along  the  outer  part 
of  the  main  upthrow  in  all  the  southern  half  of  the  district,  is  probably 
due  to  the  crumplinij:  which  wouhl  naturally  take  place  in  the  upper 
members  of  a  thick  series  of  rook  when  folded  in  a  rather  shar])  curve 
whose  concavity  is  upward.  South  from  the  Platte  the  mountain  fold 
passes  on  into  the  next  district.  While  plication  may  occur  in  the 
plains,  it  must  be  to  an  exceedingly  small  extent,  and  wholly  subordi- 
nate to  the  more  im)f<mnd  fold  found  along  the  mountain  border,  the  main 
leatuies  of  whieh  have  just  been  given.  The  detail  and  careful  exami- 
nation of  this  fold  wouhl  be  rendered  quite  easy  on  account  of  the  many 
cross  cutting  streams,  and  the  lessons  in  dynamical  geology  to  be  gathered 
from  it.  (tan  be  of  scarcely  less  interest  than  the  results  from  the  careful 
study  of  the  historical  geology  of  the  region. 

Leaving  the  plains,  the  subject  next  in  order  is  the  geology  of  the 
mountains. 


CIIAPTEK    III. 

THE  MKTAMOirrillC  CKY^TALLIXE  ROCKS  OF  TPIE  MOUNTAINS. 

As  was  dwelt  upon  at  length  in  the  last  chapter,  the  nearly  flat  sedi- 
mentary rocks  which  underlie  the  plains  have  an  exceedingly  well  ue- 
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fined  and  continuous  western  border,  along  wLicb  their  edges  are  found 
folded  more  or  less  abruply  upward,  tbus  forming  the  zone  of  unicliual 
ridges  or  hog-backs  which  lie  at  the  eastern  base  of  the  mountains. 
Along  this  well-defined  line  the  occurrence  of  these  rather  simply  com- 
posed and  structured  rocks  abruptly  ceases,  and  westward  for  many 
miles  no  sandstones,  slates,  or  shales,  or  other  cdtoparatively  little- 
changed  and  normal  sedimentary  rocks  are  to  l>e  found.  An  entirely 
different  class  of  rocks  take  their  phice.  First  rising  either  abruptly 
or  in  great  massive  slopes  for  one  to  two  thousand  feet  from  beneath 
the  lowest  of  the  Triassic  sandstones,  they  form  the  first  great  eastern 
slope  of  the  main  range.  This  slope  is  not  an  unbroken  north  and  south 
line,  for  all  the  streams  from  the  range  beyond  cut  gi'eat  cailon-gashes 
throngh  it,  emerging  from  which  they  break  across  the  zone  of  upturned 
sedimentary  ridges  and  thence  out  on  to  the  plains,  Moi^eover,  between 
these  greater  caiions,  the  fiices  of  the  more  continuous  slopes  are  still 
cut  and  broken  by  almost  an  infinite  number  of  lesser  ravines  and 
gulches  which  drain  down  the  slope  to  the  first  longitudinal  valley  back 
to  the  inner  sandstone-ridge,  and  thence  north  or  south  to  the  adjacent 
greaier  cross-cutting  streams,  llising  in  this  manner  to  a  pretty  gen- 
eral uniform  level  with  higher  mountain  masses  here  and  there,  all  cut 
by  the  caiions  into  a  nigged  mountain  country,  this  region  extends  west 
for  fifteen  to  thirty  miles  to  the  last  abrupt  rise  to  the  great  main  cre^t 
of  the  front  range,  which,  in  this  portion  of  its  course,  constitutes  the 
main  continental  divide,  separating  the  waters  of  the  Pacific  from  those 
of  the  Atlantic,  and  the  topographical  characteristics  of  which  were 
described  in  Chapter  I.  The  whole  of  this  i)ortion  of  the  great  front 
range,  down  its  less  abrupt  western  sloj)e  to  the  cx)mparatively  small 
and  lower-lying  sedimentary  area  of  the  Middle  Park,  with  nearly  all  of 
the  elevated  country  lying  south  of  the  ]>ark  and  se]>arating  it  from  the 
South  Park,  and  forming  the  connecting  link  between  the  Front  and  Park 
ranges,  and  all  of  the  latter  bordering  the  Middle-Park  drainage  nroA 
on  the  west,  together  with  the  southern  extremity  of  the  Medicine-Bow 
range,  which  penetrates  into  the  park  at  its  northeast  corner,  and, 
finally,  a  few  low,  small,  and  isolated  areas  in  the  park  itself;  all  this 
great  area,  which  includes  all  the  grander  mountain  country,  is  com- 
posed of  crystalline  rocks,  schists,  gneisses,  and  granites. 

Disregarding  s<mie  comparatively  small,  and,  in  this  connection,  wholly 
unimportant  occurrences  of  undoubt4?d  ancient  eruptive  rocks,  (por- 
phyries, &c.,)  as  well  as  some  minor  granite  nivas  of  uncertain  eruj)live 
nature,  the  series  as  a  whole  must  be  regarded  as  a  great  system  of  an- 
cient sedimentary  rocks  which  have  undergone,  in  greater  part,  the 
most  profound  metamorphism,  the  result  of  which,  over  large  areas,  has 
reached  that  last  term  of  metamorphism,  viz,  Htnicturelofs  granlU. 
Though,  in  the  region  under  consideration,  the  Triassic  red  sandstones 
form  the  oldest  recognized  sedimentary  rocks  which  rest  upon  this  un- 
derlying series  of  crystalline  rocks,  and  thus  indicate  that  they  are  only 
at  least  of  Pre-Triassic  age,  yet  further  south  and  west  the  Potsdam 
sandstone  covers  it  in  large  and  well-recognized  areas,  thus  demon- 
strating it  to  be  at  least  of  Pre-Silurian  or  Archanui  age,  a  conclusion 
also  rendered  almost  necessary  on  the  independent  ground  of  the  extent, 
uniformity,  and  completeness  of  the  metamorphism  which  has  affected 
the  mass.  For  it  is  no  case  of  local  metamorphism,  nor  one  of  supposed 
dependence  upon  adjacent  masses  of  eruptive  rock,  nor  of  the  acci- 
dental presence  of  mineral  waters.  The  metamorphism  is  regular,  or 
normal,  afllecting  a  great  system  of  bedded  rocks  of  unknown  thickness 
and  indefinite  extent.    Throughout  the  district  examined,  this  character 
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of  the  metamorphism  was  nnmistakable.  Disappearing  beneath  the 
rocks  of  the  plains  it  becomes  impossible  to  tell  how  far  the  series  and 
its  characters  may  continue  in  that  direction.  Where  api)earing  throagh 
the  sedimentaries  of  the  Middle  Park  and  from  beneath  them  along  their 
western  border  in  the  park  range,  their  clearly  metamori>hic  nature  is 
still  present.  Again  covered  with  the  sedimentaries,  yet  many  hun- 
dreds of  miles  to  the  south  and  west,  where  the  canons  chiseled  by  the 
Colorado  and  its  tribniaries  have  penetrated  the  upi)er  rocks,  and  on 
beyond  past  the  limits  of  the  Colorado  plateau,  in  the  regions  of  Ari- 
zona, Nevada,  and  Utah  that  have  been  stripped  of  the  sedimentaries, 
rocks  simihir  in  character  occur,  indicating  that  the  substratum  of  the 
whole  country  is  what  is  left  of  ancient  and  highly  metamori)hosed 
series  of  rock  formations.  No  special  facts  bearing  on  the  equivalency 
of  the  metaniorj)liic  series,  as  exposed  in  the  front  range  of  Colorado,  to 
any  of  the  divisions  of  the  Arch  jean  rocks  at  the  East,  were  observed. 

The  prevalence  of  siliceous  and  granitic  types  recalls  the  descriptions 
of  Laurentian  an»as.  But  the  presence  of  granites  may  only  mean  extent 
of  metamorphism  and  not  necessarily  a  greater  age.  There  may,  indeed, 
bi'thereprestmtativesof  twoor  more  groupsof  the  Archaean  present,  but  a 
strong  impression  was  received  that  there  was  but  one  great  conforma- 
)>le  series  of  rocks,  and  that  its  chanicters  might  be  quite  peculiar  to 
the  series  and  region  in  question.  It  will  be  impossible  here  to  go  into 
any  detailed  litliological  study  of  the  series.  Though,  notwithstanding 
the  extended  and  rapid  character  of  the  exploration,  much  material  was 
gathered  bearing  on  the  subject,  yet  sufticient  time  for  its  elaboration 
and  study  has  not  yet  elapsed,  and  more  complete  results  must  be  post- 
l>oned  for  a  final  iei)ort.  A  few  general  results,  however,  can  be  offered. 
Consi<lering  the  extent  and  antiquity,  the  formation  and  the  probable 
mutations  of  its  history,  its  lithological  characters,  as  a  whole,  seem  to 
be  remarkably  simple  and  uniform.  From  quartzito  through  siliceous 
and  mica  schists  to  very  simple  varieties  of  gneisses  and  granites,  in 
which  the  mica  is  wholly  subordinate,  and  the  feldspar  mostly  a  tabular 
and  twined  orthochuse,  with  possibly  one  or  two  triclinic  feldspars  pres- 
eut,  and  the  list  of  rocks  seems  complete.  Aside  from  an  apparent 
tendency  at  several  points  to  the  formation  of  iron  garnets,  hardly  any 
other  accessory  minerals  were  observed,  while  the  syenitic  element  and 
the  more  basic  rocks  generally  were  almost  entirely  wanting.  This  does 
not  refer,  of  course,  to  the  occurrences  of  many  minerals,  some  contain- 
ing rare  elements,  in  veins,  nor  to  mere  local  rock  occurrences,  but  to 
the  impressions  received  fron>  the  general  and  extended  view  of  the 
formation  as  a  whole. 

The  least  metamori^liosed  rociks  observed  were  quartzites,  the  purest 
form  of  which  were  of  clear  milk-white  or  bluish  color,  excessively  hard 
and  compact.  Near  the  lower  canons  of  Coal  and  Italston  Creeks,  where 
the  largest  mass  observed  had  been  preserved  from  erosion,  they  passed 
into  a  series  of  highly  siliceous  schists,  in  places  very  ferruginous,  and 
which  may  possibly  yet  be  found  to  contain  workable  dejjosit*  of  iron- 
ore.  They  were  here  asso(;iated  with  siliceous  mica  schists  finely,  com- 
pactly, and  evenly  bedded  or  banded.  Above  very  irregular  schists 
occurred,  contorted  and  blotched,  largely  composed  of  lenticular-like 
masses  of  white  feldspathic  and  black  or  dirty -red  uiicaceous  material, 
intercalated  irregularly  together,  with  garnetiferous  schists.  Gneissic 
and  granitic  strata  are  frequent,  while  below  a  great  granite  mass  occurs 
with  but  remnants  of  bedding  left,  but  which  are  apparently  conforma- 
ble with  the  series  above.    Both  above  and  traced  along  the  series  more 


140       GEOLOGICAL  SURVEY  OF  THE  TERKITORIES, 

and  more  gueissic  and  granitic  beds  come  in  until  tbey  wholly  predom- 
inate. 

At  a  point  farther  north,  near  the  Little  Thompson,  a  few  exposures 
of  similar  quartzites  show  them  to  be  associated  with  a  highly  quartz- 
iferous  series  of  greenish  color,  and  apparently  impregnated  with  acti- 
nolite,  which  occurs  in  small  radiated  patches.  Bedded  dii-ectly  in  the 
mass  are  many  small  gianitic  and  gneissic  strata.  Longitudinally  the 
beds  pass  into  dark,  tiuely-laminated  mica  schists,  but  beyond  are  lost  be- 
neath the  unconformable  and  comparatively  little  disturbed  Triassic 
shales.  Beneath  them  the  granitic  gneisses  occur  to  an  enormous  thick- 
ness, with  schists  here  and  there,  all  apparently  bedded  in  conformity. 
Both  these  occurrences  of  quartzite  are  near  the  limits  of  the  range, 
and  in  the  upper  j)ortion  of  the  series  exposed  beneath  the  newer  sedi- 
mentaries.  At  two  other  points  only  were  quartzites  observed,  one 
having  the  radiated  actinotite  impregnations.  Schists  inclining  to 
gneisses  occur  over  large  areas,  but  the  dominant  rocks  are  granitic 
gneiss,  or  even  granites,  and  of  these  the  tendency  is  decidedly  toward 
a  binary  granites  to  which  the  name  of  Aplite  might  ai)ply,  a  rock  with 
a  decided  predominance  of  the  quartzose  and  feldspathic  elements,  the 
micaceous  ingredient  being  frequently  nearly  absent.  The  latter  usually 
occurs  in  small  black  flakes,  with  the  feldspar  in  greater  part  orthocla^e, 
in  large  flat  crystals,  twined  in  two  thin  plates  parallel  with  the  flat 
faces,  and  of  white  or  reddish  color,  the  mass  being  rather  loosely  tex- 
tured and  inclined  to  crumbling.  Great  areas  ai*e  comiiosed  of  this  sim- 
ple feldspathic  granite,  and  while  it  may  appear  structureless  for  long 
distances,  yet  search  seldom  failed  to  And  evidences  of  structure,  such 
as  inclosed  masses  of  schist,  perhaps  several  hundreds  of  feet  in  extent, 
parsing  by  imperceptible  stages  into  the  inclosing  granite.  Perhaps 
X>atches  only  a  few  miles  in  extent,  or  a  congerie  of  patches  all  parallel, 
but  separated  by  the  better  defined  granite,  may  only  remain  to  attest 
former  structure.  When  sufficient  mica  is  present  a  gneissic  structure 
may  indicate  beiiding,  but  in  the  ternary  granites,  or  when  the  mica  ism 
too  small  flakes  to  clearly  show  a  parallelism,  the  less  changed  and  iso- 
lated remnants  of  former  structure  must  be  resorted  to.  In  a  few  in- 
stances when  bedding  was  not  thus  indicated  by  the  mica  the  tabular 
feldspar  crystals  were  observed  all  airauged  in  parallelism  with  the  bed- 
ding, and  in  others  a  marked  per  cent,  of  the  crystals  were  so  arranged 
as  if  the  crystalizing  forces  had  been  partially  controlled  by  the  original 
structure  of  the  mass,  just  {i«  in  welldelined  schist  or  gneiss  the  crys- 
tallizing out  of  the  mica  seems  to  have  so  been  determined. 

When  the  almost  stiuctureless  granite  is  homogeneous  over  consider- 
able areas,  the  characteristic  *'dome"  form  is  ileveloped  in  tbe  erosion 
and  weathering  of  the  country.  The  most  structureless  granite  of  all 
was  an  exceedingly  compact  and  hard  porphyritic  granite  which  was 
observed  but  in  a  few  small  arejis  and  bore  an  im])ress  of  an  eruplive 
origin.  In  it  the  feldspar  crystals  were  not  so  tabular,  while  the  rock 
was  closely  built  and  not  so  loosely  textuied  as  in  the  broader  masses 
of  the  more  friable  granite  with  tabular  feldspar  crystals;  yet  in  one  of 
these  masses,  apparent  transitions  from  adjacent  schists  could  be  ob- 
served. 

That  the  characters  noted  above  are  evidences  of  a  structure  that 
once  existed  throughout  the  whole  nmss ;  that  the  inclosed  sclustose 
))atches  and  <areas  are  neither  remnants  of  foreign  schists  inclosed  in  an 
eruptive  granite  mass,  nor  accidental  lamination  developed  by  crystalli- 
zation or  motion  in  a  plastic  rock,  is  abundantly  proved  by  the  fact  that 
whenever,  over  a  continuous  area,  a  great  many  of  the  strikes  and  dips 
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of  such  remnants  are  carefully  noted  and  platted  on  the  map,  they  are 
invariably  consistent  among  themselves  in  indicating  a  definite  strac- 
tore  of  the  whole,  and  accord  with  the  structure  that  may  be  indicated 
by  neighboring  schists  and  other  masses  of  undoubted  bedded  rocks. 
Thus,  suppose  a  horizon  of  exceedingly  well-bedded  quartziferous  and 
mica  schists  to  be  under  or  overlaid  by  granites  which  possess  in  general 
no  distinct  structure,  and  that  tlie  foldings  have  been  such  that  a  sharp 
anticlinal  has  been  formed  with  its  axis  dipping  steeply  to  the  north. 
The  outcropping  edges  of  the  schists  would  thus  api)ear,  forming  an 
angle  or  curve,  with  the  apex  directed  northward  and  widening  out  to 
the  south,  while  the  beds  dipped  off  outward  to  the  west,  north,  and 
east.  !Now  going  among  the  granites  above  and  below,  and  noting  care- 
fully the  directions  and  dips  of  all  the  little  evi<lences  of  structure  found, 
however  insignificant,  it  will  be  found  that  they,  too,  all  accord  with  the 
zone  of  schists,  and  indicate  j)reci8ely  the  same  sort  of  fold.  For  many 
miles,  often,  such  a  fold  may  be  traced  in  this  manner,  perh«aps  retain- 
ing the  same  characters  as  it  is  clearly  shown  to  have  iu  the  schists,  or 
increasing  in  sharpness  or  finally  dying  out  entirely  and  disappearing. 
And  when  it  is  observed  that  the  zone  of  schists,  when  traced  longitu- 
dinally, may  also  be  formed,  changed  into  a  similar  granite  region,  with 
the  same  indications  and  remnants  of  bedded  structure,  the  proof  be- 
comes conclusive.  Indeed,  so  constantly  and  without  exception  did 
this  agreement  of  isolated  observations  occur,  whenever  chance  and  time 
threw  a  sufficient  number  of  observations  into  a  small  enough  area, 
that  observations  at  first  looked  upon  as  doubtful,  if  not  misleading, 
finally  came  to  be  regarded  as  trustworthy  evidences  of  structure,  and 
the  conclusion  drawn  that,  however  extreme  and  profound  the  metamor- 
]>hism  may  have  been,  the  tendency  of  its  action  was  to  produce  a  homo- 
geneous or  structureless  mass,  and  never  such  as  to  impress  on  the  rock 
<lefinite  indication  as  of  a  new^  bedding;  and  that  where  indications  of 
structure  do  occur  they  simply  represent  the  remnants  of  bedding  that 
have  not  been  obliterated  by  the  metamorphism,  and  thus  indicate  the 
original  structure  of  the  whole  mass.  Many  observations  that  were  at 
first  considered  as  wholly  (inestionable  and  provisional,  were  afterward 
found  to  accord  with  trustworthy  data  found  not  far  off.  Even  a  much 
less  expected  indication  of  bedding  was  noticed  at  many  points,  though 
it  was  by  no  means  accepted  as  a  trustworthy  one.  When  strata  of 
varying  degrees  of  hardness  are  inclining  somewhat,  and  subjected  to 
erosion,  the  irregularities  of  surface  fonned  are  almost  always  steepest 
on  the  sides  that  exhibit  the  edges  of  the  strata,  the  slopes  with  the 
inclination  of  the  stratii  being  usually  much  the  more  gentle,  aB  shown 
so  repeatedly  in  the  hog-biicks.  Now,  4)ver  considerable  gi'anite  or 
gneissic  areas.  es[)ecially  in  the  region  near  Turkey  and  Last  Resort  Creeks, 
the  at  first  apparently  structureless  granite  hills  presented  their  steepest 
faces  to  the  south,  or  southeast,  or  southwest,  and  in  nearly  every  case 
the  remnants  of  structure  found  here  and  there  in  them,  and  which 
conformed  in  plan  to  the  plainer  schists  at  the  north,  bore  the  normal 
relation  to  the  form  of  the  hill,  i.  e.,  dipped  with  their  gentler  slope,  and 
showed  their  edgJs  on  the  steeper  onejs.  It  seemed  strange  that  such 
asimi)le  topographical  feature  should  be  preserved  in  such  much  changed 
rocks. 

Thus  it  became  certain  that  all  the  great  masses  of  roc^k  which  here 
compose  the  archa^an  areas  of  the  district,  the  granites  inclusive,  were 
metamorphosed  in  situ,  and  that  the  latter,  as  a  whole,  must  be  consid- 
ered as  indigenous  in  its  character.  This  metamorphism  would  seem  to 
have  been  deep-seated.    Not  only  would  its  nature  and  extent,  judging 
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from  other  regions,  indicate  it,  but  the  evidence  exists  to  show  that  an 
enormous  amount  of  material  has  actually  been  removed  tixmi  the  ancient 
surface  to  bring  to  light  the  rocks  as  now  exposed.  The  cauon-cntting 
and  surface-erosion  of  the  present  has  only  been  in  progress  since  the 
latest  uplift — probably  in  early  Tertiary  times — and  is  almost  as  nothing  in 
amount,  so  far  a«  the  metamorphics  are  concerned,  compared  with  erosions 
in  the  distant  past.  Itegariliug  as  still  correct  the  evidence  from  within 
the  district  in  question,  the  whole  region,  except,  perhaps,  its  extreme 
southwestern  portion,  stood  above  the  ocean-level  at  least  just  previous 
to  the  deposition  of  the  Triassic  sandstones,  and  probably  did  so  all 
during  Paleozic  time,  and  if  the  erosion  then  approximated  in  rapidity 
to  the  erosion  of  the  j>resent  time,  in  such  a  long  interval  it  must  have 
been  enormous.  That  the  erosion  was  by  no  means  gentle  is  evidenced 
by  the  almost  universiil  coarseness  of  the  adjacent  derived  sediments, 
the  amount  of  which  themselves  attest  and  measure  the  amount  of  ma- 
terial removed  from  off  the  atljacent  archican  areas.  The  ''overlap" 
and  shelving-off  of  the  lower  Triassic  sandstones  all  along  the  east  bor- 
der of  the  range  show  a  gradual  encroachment  of  the  shore-line,  a  win- 
ning of  the  laml  by  the  sea,  effected  by  the  slow  degradati<»n  of  the  land 
by  erosion.  How  far  and  rapidly  this  extended  cannot  be  told,  but  all 
of  what  is  now  the  Middle  Park,  and  probably  much  farther  up  on  the 
range,  had,  by  Cretaceous  times,  succumbed  to  this  degrading  and  sea- 
encroaching  process.  And  yet  adjacent  land  must  have  existed,  as  the 
marked  coarseness  of  some  of  the  Lignitic  (Eocene  ?)  beds  indicate,  com- 
posed, as  they  are,  of  granitic  debrU^  and  the  complemental  and  actual 
evidence  exists  in  part  in  the  archiean  rocks  themselves.  Looking  at 
those  that  are  only  now  exposed  to  view,  some  of  the  lower  horizons 
showing  near  the  center  of  the  range  lie  many  thousands  of  feet  in  geo- 
logical antecedence  below  the  upper  exposed  portions,  and  how  much 
the  latter  may  have  been  below  the  surface  that  existed  when  meta- 
morphism  was  in  progress,  is  an  unrevealed  story,  the  evi4lence  being 
hid  beneath  the  ruins  of  the  rocks  themselves  in  the  debris  that  now 
forms  the  sedimentary  rocks  of  the  plains,  but  which,  as  said  before, 
show  that  much  more  has  been  removed  than  now  exposed.  Thus  the 
thickness  to  which  the  archaian  rocks  were  piled  up  strata  upon  strata, 
before  even  their  own  dcbrh  was  worked  over  into  the  more  modern 
rocks,  must  be  recorded  by  thousands  of  feet,  if  not  by  miles.  Thus 
deeply  buried  beneath  the  surface,  heat  from  below  must  have  gradually 
invaded  the  mass,  and  have  played  an  imi)ortant  part  in  its  meta- 
morphism.  That  depth,  and  hence,  i)robably,  heat,  was  a  factor,  seems 
indicated  by  the  fact  that  in  a  general  way  the  largest  and  most  struc- 
tureless masses  occupy  the  lowest  geological  jmsitious,  while  the  less 
generally  metamorphosed  regions  lie  higher  up  in  the  exi>osed  series. 
Some  [irofound  plications  have  occurred  in  the  mass,  the  strata,  generally 
beinghighly  inclined,  and  the  resistance  to  this  folding,  in  friction,  crush- 
ing, and  motion,  must  have  added  much  heat  to  the  invading  earth-heat 
following  upon  the  accumulation  of  the  strata.  For  the  metamorphism 
itself  is  ancient,  the  debrin  of  the  already  metamorphosed  rock  being 
frequent  in  the  derived  sedimentaries,  and  I  think  evidence  may  be 
found  to  show  that  it  probably  continued,  if  it  was  not  most  active, 
during  the  earlier  foldings  of  the  series.  The  intensity  of  this  heat  (5au 
hardly  be  stated.  It  was  not  necessarily  of  that  temperature  that  would 
be  required  to  melt  the  granites  as  they  now  stand,  for  the  presence  of 
saline  waters  mav  have  so  acted  as  to  have  assisted  the  heat  in  inducing 
plasticity  or  liquidity,  to  produce  a  state  of  "  aqueoigneouft  fusion  ^  without 
the  actual  temperature  being  very  great.     Uow  far  such  action  really 
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occurs  I  suppose  it  diflBcult  to  tell,  but  whatever  thecoDditious,  whether 
more  or  less  heat,  assisted  more  or  less  by  aqueous  action,  they  have 
apparently  beeu  such  that  plasticity  or  liquidity  has  actually  been  pro- 
duced in  portions  of  these  rocks,  and  probably  to  a  considerable  extent. 
Such  conditions,  or  a  tendency  to  them,  would  certainly  assist  in  pro- 
ducing homogeneous  or  structureless  masses  of  rock,  by  allowing  freer 
play  of  the  i)articlcs  in  obeyance  to  chemical  and  other  molecular  forces, 
and  the  large  granite  masses,  indicating  centers  of  greater  metamorphism, 
probably  also  indicate  areas  of  once  greater  phisticity.  While  meta- 
mor|)bism  alone  has  often  left  sharp  lines  of  demarkation  between  dif- 
ferently aftected  rock,  there  are  also  points  where  movements  of  the 
plastic  rock  seem  to  have  occurred  ;  while,  in  tracing  a  line  of  schist 
into  a  granite  area,  points  may  occur  where  the  normal  granitoid  strata 
regulnrly  belonging  to  the  series  may  gradually  increase  in  number  and 
thickness,  monopolizing  the  series  and  producing  a  normal  metamorph- 
ism; or  tongues  of  granite  may  invade  the  schists,  as  if  an  active  meta- 
morphism had  proceeded  outward  from  the  granites,  eating,  as  it  were, 
into  the  schists,  and  absorbing  first  those  beds  by  nature  most  readily 
succumbing  to  the  change,  and  leaving  the  intercalated  nmsses  less 
changed.  Yet  the  remnants  of  structure  left  in  the  granites  still  show 
that  no  important  movement  has  taken  place  in  the  mass,  but  that  the 
rock  remains  in  situ^  and  is  an  indigenous  granite.  But,  besides  these 
confUvSing  appearances,  lines  of  the  granite  sometimes  appear  as  if  actu- 
ally injected  or  intruded  among  the  schists,  sometimes  on  their  bedding, 
but  perhaps  across  it  as  eruiitive  veins.  Indeed,  there  seemed  cases 
where,  in  approaching  the  same  mass  of  granite  from  different  points, 
that  at  one  all  the  appearances  of  a  truly  exotic  and  eruptive  origin 
might  be  found — abrupt  lines  of  demarkation  and  veins;  while  at  another 
point  nearly  all  the  steps  of  a  gradual  metamorphism  and  transition 
from  the  schists  beyond  might  be  traced,  while  the  remnants  of  struc- 
ture through  the  mass  itself  would,  in  great<»r  part,  conform  to  the  sur- 
rounding system  of  folds,  showing  it  as  a  whole  to  be  an  indigenous 
mass.  Two  observers  thus  approaching  such  a  mass  would  justly  ren- 
der different  verdicts  as  to  its  nature,  one  ascribing  to  it  a  wholly  erup- 
tive origin,  the  other  a  clearl}^  metamorphic  character.  A  few  minor 
masses  of  granite  did  not  show  well  marked  transitions  from  schists, 
though  in  part  the  ends  of  the  latter  gradually,  though  yet  abruptly, 
mergeil  into  the  granite,  as  if  absorbed  by  it,  the  mass  a^s  a  whole  pre- 
senting the  character  of  an  intrusive  mass.  There  is  no  evidence  w^hat- 
ever,  however,  to  show  that  such  masses  have  traveled  far,  or  that  they 
might  not  have  come  from  a  short  distance  only,  and  have  been  derived 
from  rocks  similar  to  those  in  which  they  are  inclosed,  or  others  of  the 
same  series,  for  their  likeness  may  be  found  at  other  points  as  true  meta- 
morphics.  Penetrating  various  portions  of  the  series  are  granitic,  usu- 
ally mostly  feldspathic,  veins,  many  of  which  probably  extend  long  dis- 
tances and  appear  to  be  of  true  eruptive  character,  while  other  granitic 
veins,  usually  of  very  coarse  bluish  quartz  and  white  cleavable  feld- 
spar, with  sheets  and  large  crystals  of  white  mica,  seem  to  be  more 
naturally  referred  to  infiltration,  or  to  be  endogenous  in  character,  like 
many  metalliferous  veins,  some  of  each  kind  showing  layers  of  deposi- 
tion or  structure.  Nearly  all  of  the  metalliferous  deposits,  for  the  pro- 
fusion and  richness  of  which  Colorado  is  so  justly  celebrated,  occur  in 
veins  in  this  great  system  of  metamorphic  rocks,  or  in  debris  derived 
from  the  same.  The  more  noted  of  these  were  studied  with  cjire  by  Dr. 
F.  M.  Endlich  during  the  early  portion  of  the  season,  and  his  results  will 
be  found  as  a  portion  of  his  report  as  geologist  of  the  southern  or  San 
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^  Luis  division  of  the  survey.  A  complete  knowledge  of  the  general 
geology  of  the  region  as  a  whole,  as  well  as  of  these  ore-deposits,  would 
probably  show  connections  between  the  two,  and  lead,  as  in  other 
regions,  to  results  valuable  to  the  mining-engineer.  To  trace  such  con- 
nections, and  to  master  the  relations  of  the  veins  and  their  contents  to 
the  formation  as  a  whole,  could  not  be  exi)ected  to  be  accomplished  in  a 
single  season's  work  over  an  extended  area. 

A  number  of  porphyry  dikes,  usually  of  short  extent,  have  ])enetrated 
the  metamorphic  rocks  at  many  points,  perhaps  most  noticeable  in  the 
region  drained  by  Ijeft-Hand,  Four-Mile,  and  ad.jac(»nt  creeks.  They 
have  considerable  variation  of  composition,  but  have  not  yet  been  made 
the  subject  of  special  examination  b}'  the  survey.  It  is  on  either  side 
of  one  of  these  porphyry  dikes,  along  the  planes  of  contact  between  it 
and  the  inclosing  granite,  that  the  rare  and  interesting  telluride  ores 
of  Gold  Hill  are  mined. 

Dr.  Endlich's  analysis  of  specimens  from  this  locality  has  revealed 
some  new  mineral  species,  while  specimens  of  this  and  neighboring 
porphyries  furnished  with  notes  upon  their  occurrence  to  Professor  Ben- 
jamin Silliman,  jr.,  of  New  Haven,  have  formed  the  subject  of  an  exami- 
nation by  him,  in  the  American  Journal  of  Science  and  Arts  for  July. 
The  description  of  these  ores,  and  their  mode  of  occurrence,  is  given  in 
the  chapter  on  mines  in  Dr.  Endlich's  report. 

THE  STRATIGRAPHY  OF  THE  EAST  SLOPE  OF  THE  FRONT   RANGE. 

Three  causes  combine  to  render  the  rapid  study  of  the  stratigraphy  ot 
the  archaean  rocks  difficult  and  its  results  uncertain :  First,  their  struc- 
ture is  not  only  often  complex,  but  obscure,  the  evidence  of  it  being  at 
times  nearly  or  wholly  obliterated  by  the  metamorphism,  and  often  over 
large  areas  very  diflicult  to  find ;  second,  this  metamorphism  renders 
lithological  characters  inconstant,  so  that  a  stratum  that  at  one  i>oint 
may  be  characteristic  among  its  neighbors,  may,  at  another,  become 
like  them,  or  all  may  change  so  as  to  retain  none  of  their  geological  fea- 
tures, becoming  again  like  other  series,  so  that  lithological  resemblances 
cannot  often  be  tiiken  as  a  guide  to  follow,  and  may  even  become  mis- 
leading; third,  the  erosion  producing  the  pi^sent  surface  featui-es  ol 
the  mountain  region  had  the  direction  of  its  action  determined  by 
movements  of  the  surtace  w  hich  were  not  closely  connected  with  the 
extended  plications  of  its  rocks;  and,  moreover,  since  this  erosion  has 
not  long  been  active  among  these  rocks,  there  appears  no  well-defined 
connection  between  the  topography  and  the  structural  geology.  The 
ancient  erosion  gradually  wore  down  the  mass  to  the  surface  of  tlie 
sea,  and  while  previously  to  this  it  was  no  doubt  directed  by  the  struc- 
ture, yet  the  mass  was  finally  leveled  ofl'  irrespective  of  structure  or 
relative  hardnesses  of  its  beds  by  the  encroaching  ocean,  which  worked 
over  its  ruins  and  laid  them  down  upon  the  smoothed  surliice  in  the 
form  of  the  Triassic  and  other  beds.  The  recent  great  uplift,  wliile  it 
probably  added  new  plications  to  the  accumulated  plications  of  the  past 
in  the  ancient  rocks,  was  quite  simple  with  respect  to  their  total  plica- 
tion, and  left  the  upper  Triassic  and  other  sedimentary  beds  compara- 
tively simply  structured,  they  having  been  affected  alone  by  the  later 
movements. 

As  the  mass  appeared  above  the  sea  and  surface  erosion  once  more  com- 
menced, but  which  now  acts  ujwn  the  recent  rocks  covering  probably  in 
greater  part  thecomplex  underlying  rocks,  it  wasdirected  off  from  the  line 
of  greater  uplift  down  the  long  slopes  of  the  rising  continent  to  the  retiring 
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sea.  The  channels  of  drainage  started  were  directed  solely  by  the  struc- 
ture and  characters  of  the  upper  rocks,  and  when  they  gradually  cut 
down  throuj*h  these  and  coniujcnced  sinking  their  canons  into  the  under- 
lying complicated  rocks,  these  canons  bore  no  rehition  whatever  to  their 
complications.  It  is  but  recently  that  the  upper  rocks  have  been  com- 
pletely removed  Irom  the  summits  of  the  mountain  si)urs,  tlie  ancient 
level  of  subaqueous  erosion  being  still  indicated  by  the  often  uniform 
level  of  the  spurs  and  hill-tops  over  considerable  areas,  and  large  [)lateau- 
like  regions  which  became  very  marked  from  certain  points  of  view. 
Two  or  three  such  levels  are  indicated  at  a  few  places,  showing  not  only 
that  the  sedimentaries  have  once  extended  up  over  what  are  now  the 
mountain  rocks,  but  that  the  uplifting  has  been  mainly  confined  along 
certain  partly  well-delined  lines,  the  interuiediate  belts,  though  uplifted 
bodily,  remaining  comj)aratively  level,  a  tyi)e  of  folding,  juobably,  noti 
uncommon  farther  west,  and  which  will  be  referre<l  to  again  in  the  fol- 
lowing chapter. 

Eroded  away,  woiked  farther  and  farther  back,  the  sedimentaries 
have  receded  to  the  line  of  hog-backs,  and  having  a  structure  bearing  a 
partly  constant  relation  to  the  eroding  forces,  with  persistent  lithologi- 
cal  characters,  their  topographical  features  indicate  their  geological 
structure,  and  it  is  through  the  former  that  the  latter  may  l)e  most  rapidly 
and  easily  read,  the  long  ridges  nearly  always,  as  shown  in  Chapter  11, 
conforming  to  a  particular  bed  or  series  of  beds  harder  than  their  neigh- 
bors, and  thus  traceable  as  far  as  the  ridge  is  visible.  Not  so  the  raeta- 
inorphics.  Penetrating  the  formerly  covering  sedementaries,  the  canons 
commenced  sinking  into  the  lower  and  more  complicated  rocks,  with 
directions  impressed  upon  them  by  the  latest  uplift  and  the  overlying 
rocks,  and  bearing  no  constant  relation  to  the  structure  of  the  lower 
ones  in  which  we  now  find  them.  It  is  true  that  the  structure  of  the 
lower  rocks  has  begun  to  affect  the  courses  of  the  streams,  and  in  places 
to  a  considerable  extent.  Meeting  a  softer  bed  a  canon  will  often  have 
its  course  directed  by  it,  and  follow  it  for  some  distance,  leaving  the 
adjac^*nt  harder  beds  plaitdy  indicated  by  the  ridges,  and  sometimes  the 
sinuosities  of  structure  are  very  curiously  followed  by  a  stream  in  all  its 
windings,  but  it  soon  breaks  away  and  runs  independently  of  the  bc<l- 
ding.  Many  of  the  smaller  ravines  have  had  their  positions  determined 
by  the  structure;  but  in  a  broad  sense  the  drfiinageisfrom  the  main  mount- 
ain crest  eastward,  independent  of  structure.  Thus,  while  in  i)laces 
geologi(*al  features  may  tind  expression  in  surface  form,  yet,  as  olten, 
there  ujay  be  no  conceivable  relation  between  to[)Ography  and  geology. 
The  subaqueous  erosion,  in  smoothing  all  to  a  common  level,  destroys 
all  forujcr  surface  expression  of  geological  character,  and  the  present 
erosion  has  not  yet  been  in  progress  suthciently  long  to  recreate  the 
lost  features. 

With  geological  structure  but  feebly  featured  upon  the  surface,  and 
with  such  structure  as  does  exist,  not  o?dy  complicated,  but  otten  lost 
in  metamor])hism,  it  becomes  no  easy  task  to  trace  it  out,  often  rc(|uiring 
close  inspection  of  the  rock,  and  even  long  search  to  detect  it,  while  but 
little  detiuite  character  can  be  made  out  in  distant  views.  On  the  other 
hand,  the  exposures  are  both  numerous  and  continuous,  the  many  canons 
affordnig  line  sections  of  the  rocks,  and  when  sutiicient  time  is  expended 
in  their  examination  I  conceive  that  some  exceedingly  interesting  and 
clear  results  as  to  metamorphic  action  will  follow,  to  say  nothing  of 
structural  features,  and  the  connection  of  both  with  the  tilling  the  innu- 
merable mineral  veins  which  occur  in  the  series  with  their  valuable  ores. 
Notwithstanding. the  natural  difficulties  in  the  way,  many  observations 
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of  the  structure  of  the  mouutaiiis,  more  particularly  of  the  eastern  slope 
of  the  front  or  malD  rauge,  were  made  during  the  past  season.  These, 
though  by  no  means  exhaustive,  and,  in  a  portion  of  the  region,  too 
scattered  or  imperfect  to  there  define  the  structure,  yet  such  material 
as  was  obtained  seems  sufficient  to  indicate  certain  general  features,  and 
a  portion  of  the  material  from  which  the  inferences  regarding  the 
structure  are  drawn,  together  with  the  inferences  themselves,  are  given 
below. 

Lithological  and  metamorphic  characters  are  not  here  regarded  as 
much  as  they  should  be  in  a  complete  study,  nor  as  much  as  they  may 
be  after  the  further  study  of  the  notes  and  specimens  yet  at  hand.  The 
accompanying  map  (Fig.  7)  shows  the  Archaean  area  over  which  the  most 
connected  observations  were  made.  It  is  an  area  extending  north  and 
south  across  the  full  width  of  the  district,  with  the  main  crest  of  the 
front  range  near  its  western  border.  The  streams  along  the  northern 
half  of  the  west  border  belong  to  the  Middle-Park  drainage.  The  main 
divide  passing  out  from  the  western  border  of  the  map  a  little  south- 
west of  James  Peak,  comes  in  again  at  Gray  and  Torrey.  On  the  east 
jire  the  Lignitic  beds  of  the  plains  in  horizontal  lining,  with  the  coal 
horizon  and  principal  masses  of  terrace  gravels  approximately  shown, 
followed  by  the  hog-back  zone  of  more  or  less  upturned  and  eastward 
dipping  Cretaceous,  (dotted,)  Jurassic  sliales,  (white,)  and  Triassic  red- 
l>eds,  (heavier  horizontal  lines.)  To  the  west  extends  the  mountain 
zone  of  Archaean  rocks  to  the  extreme  border  of  the  map.  Nearly  all  the 
observed  strikes  or  curves  of  the  rock  are  indicated  by  the  short  dashes, 
the  direction  of  which  show  the  trend  of  the  strike,  while  the  little  mark 
on  one  side  shows  to  which  side  the  rock  dips,  with  numbers  sometimes 
attached  showing  its  amount  in  degrees,  the  dips  being  from  the  hori- 
zontal. The  shorter  line  extending  across  the  dash  indicates  vertical 
strata,  with  both  sides  equal,  horizontal  bedding,  and  approximate  un- 
certain strikes  and  dip,  seen  either  at  a  distance  with  a  lield-glass  or  too 
small  a  remnant  of  structure  to  be  trustworthy,  are  indicated  by  the 
broken  dash.  A  dash  may  be  the  result  of  a  single  observation  of  ob- 
scure structure  in  granite,  or,  more  often,  may  indicate  the  result  of  a 
number  of  observations,  or  the  whole  formation  may  clearly  have  the 
given  trend,  obviously  bending  here  and  there  as  strikes  indicate.  Re- 
garding a  number  of  neighboring  observations  they  serve  to  show  the 
present  structure  of  the  region  in  whi(!h  they  occur. 

Drawing  dotted  lines  through  a  region  so  that  they  are  parallel  to  all 
the  strikes  near  or  abreast  of  which  they  pass,  they  may  be  considered 
as  indicating,  approximately,  the  course  the  strike  would  have  if  the 
outcrops  could  have  been  traced  continuously  along  them.  In  other 
words,  the  dotted  lines  represent  approximately  where  the  continuous 
outcrop  of  a  horizon,  or  series  of  beds,  would  be  if  it  could  be  traced. 
When  the  structure  is  clear,  or  when  the  observed  strikes  are  rather 
thickly  scattered,  these  dotted  lines  ujay  represent  an  outcropi)ing  hori- 
zon quite  closely,  but  where  the  observations  are  more  scattered,  the 
course  of  the  horizon  becomes  more  conjectural,  and  the  line,  instead  of 
remaining  on  its  proper  horizon,  may  gradually  pass  higher  up  or  lower 
down  through  the  series,  while  unobserved  faults  may  throw  the  beds 
aside  and  not  be  indicated  by  the  lines;  yet  the  latter,  though  so  far 
incorrect,  still  serve  to  connect  the  observation  which  would  otherwise 
be  too  disconnected  to  the  eye,  ^ud  jmt  so  far  a^  the  obHervatiom  go^ 
truly  indicate,  if  approximately,  the  curves  of  the  outcrops  of  the  folded 
rocks.  An  anticlinal,  or  synclinal,  with  north  and  south  horizontal  ^x\i>^ 
would  thus  have  the  beds  outcropping  on  either  side  in  north  and  south 
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parallel  lines;  bat  if  the  anticlinal  dipped  north,  the  bods  would  mantle 
around  its  northern  end  in  curves,  with  their  convexity  or  apices  directed 
Dorthward,  the  beds  dippin^r  from  it  northeast  and  west,  with  a  northern 
-dipping  synclinal  would  have  the  curved  outcrops  pointing  south,  but 
dipping  northward  and  inward  from  all  sides.  Anticlinals  are  indicated 
by  dot  and  dash  lines,  synclinals  by  three  dot  and  space  lines,  the  arrow- 
heads indicating  the  direction  of  the  inclination  of  their  axes.  It  is  by 
no  means  claimed  that  the  map  represents  with  perfect  accuracy  the 
geology  throughout;  it  is  simply  a  means  of  putting  together  before  the 
eye  the  observations  recorded,  and  to  show,  only  so  far  as  these  indicate, 
the  ttlroader  ideas  of  the  structure  of  the  mass.  Long  study  will  be 
required  to  unravel  completely  the  structure  of  these  rocks,  and  much 
that  is  here  inferred  may  finally  have  to  be  modified.  The  portions 
represented  with  least  certainty  on  the  map  will  be  mentioned  in  the  fol- 
lowing brief  and  hurried  description : 

The  portion  of  the  region  under  consideration  whose  structure  was 
probably  most  clearly  made  out  is  that  lying  south  of  South  Clear  Creek, 
jind  having  Mount  Evans  as  its  great  culminating  mass.  This  mountain 
was  approached  from  the  upper  branches  of  Bear  Creek,  on  its  northeast 
side,  and  for  eight  miles  near  the  summit  no  evidence  of  structure  what- 
ever wasobtained,  the  great  massive  bosses  of  rock  being  often  sculptured 
into  dome-like  forms,  with  profound  gorges  and  amphitheaters,  all  com- 
posed of  normal  granites,  both  coarse  and  fine,  some  containing  much 
mica,  others  with  but  little,  in  small,  scattered  tlakes.  The  different 
granites  were  not  observed  to  occur  in  zones,  as  if  once  bedded,  but  not 
enough  was  seen  of  the  mass  to  say  that  they  did  not  so  occur.  As  will 
be  seen  later,  the  mass  is  probably  all  metamor])hic,  and  a  more  extended 
examination  of  it  would  juobably  have  developed  many  evidences 
of  a  former  structure  throughout  it.  These  granites  seem  to  occupy  as 
low  a  geological  position  as  any  rocks  observed  anywhere  in  the  mount- 
ains. At  the  northeast  the  high  ridge  rising  opposite  the  mountain 
from  the  other  side  of  Bear  Creek,  and  between  the  latter  and  Clear 
Creek,  and  which  culminates  in  The  (>hief,  is  composed  of  well-bedded 
schistose  rocks,  all  striking  about  northwest-southeast,  and  dipping  from 
250  to  6O0  to  the  northeast.  The  Chief  itself,  and  ridges  running  from 
it  to  the  southeast,  are  composed  of  very  irregular  and  contorted  dirty- 
red  and  white  banded  schists,  often  granitiferous,  which  compose  a  cx)n- 
siderable  thickness  of  the  formation  above.  Below,  on  the  southwestern 
face  of  The  Chief,  and  extending  southeastward,  is  a  well-defined  bedded 
zone  of  fine,  handsome,  light-gray  granite,  with  small  scattered  mica- 
flakes  many  hundred  feet  thick,  and  in  turn  underlaid  by  a  still  greater 
thickness  of  more  evenly  and  finer-banded  schists  than  above  the  granite, 
inclined  to  steel-gray  in  color,  with  some  irregular  schists.  The  edges 
of  these  form  the  lower  southern  slopes  of  tlie  hills,  their  bases  being 
followed  quite  closely  by  the  valleys  of  the  niain  streams,  which  seem 
to  indicate  a  well-define<l  and  regular  line  of  demarkation  between  this 
plainly  bedded  series,  above  on  the  northeast,  and  the  underlying  struc- 
tureless granites  rising  in  the  great  slopes  of  Evans.  The  impression 
thus  first  received  is  that  here  are  two  different  and  distinct  rock  forma- 
tions. The  heavier  dashed  line  upon  the  map  here  shows  the  linjit  of 
the  granites  as  it  Ibliows  one  of  the  principal  northern  forks  of  Bear 
liiver,  gradually  bending  eastward,  and  indicating,  with  other  strikes 
observed  in  the  schists  above*,  a  fiat  synclinal,  with  its  axis  dipping  north- 
ward. The  dotted  extension  of  this  horizon  southeastward  is  but  ap- 
proximate, and  will  be  referred  to  later,  while  the  extension  westward  is 
wholly  inferred  from  the  observation  farther  to  the  northwest,  and  was 
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not  itself  directly  traced.  Descending  from  The  Chief  northward,  thns 
crossing  the  edges  of  the  steeply  upturned  schists  and  ascending  through 
the  formation,  but  at  the  same  time  following  somewhat  along  it  north- 
ward, it  is  found  to  swing  more  and  more  northward,  and  then — near  a 
north  and  south  line  passing  throngh  Idaho — to  bend  directly  around  to 
a  southwest  strike  and  northwest  dip.  It  is  a  sharply-folded  anticlinal 
dipping  steeply  northward.  Still  following  along  the  strata,  they  again 
swing  northwest  and  again  southwest,  showing  a  similar  abrupt  fold. 
Following  up  Clear  Creek  from  Idaho,  a  number  of  such  folds  occur,  the 
dip  of  the  irregular  schist  and  gneiss  rocks  being  invariably  east,  north, 
or  west,  but  never  south  until,  near  the  headwaters  of  that  stream,  a 
more  constant  southwest  strike  is  attained,  with  northwest  dip,  as  finely 
shown  in  the  Gray  and  Torrey  Peaks,  and  iioith  and  ea^st  of  the  same. 
Thus  regarded  all  together,  the  Evans  mass  appears  as  a  broad  anticli- 
nal, with  its  axis  dipping  northward,  and  carrying  on  its  face  a  number 
«f  minor  crumples,  smaller  anticlinals  and  synclinals,  like  ripples  on  the 
greater  wave  of  rock.  Naturally  these  smaller  folds  render  the  more 
general  geology  very  confused.  This  seems  to  be  particularly  the  case 
near  Idaho,  but  many  observations  showed  the  same  little  folds  running 
for  considerable  distances.  The  smaller  valleys  here  show  some  pecu- 
liar relations  between  toi>ography  and  geology,  sometimes  following  the 
softer  be^s  in  their  sinuosities  for  considerable  distances.  The  numerous 
minor  anticlinals  and  synclinals  here  observed  are  indicated  by  their 
proper  symbols.  The  schists  and  gneisses  appear  well  exposed  in  the 
lower  portions  of  Chicago  Creek,  but  higher  up  granites  begin  to  ]>re- 
vail,  very  abrupt  transitions  from  one  to  the  other  being  frequent. 
Starting  from  the  eastern  base  of  the  Gray  and  Torrey  Peaks,  and  curv- 
ing around  northward,  is  a  most  profound  and  regular  glacier-carved 
gorge,  with  sweeping  precipitous  sides  towering  up  on  the  east  side  to 
the  rather  even-topped  summit  of  MacLellan  Kidge.  On  the  west  side, 
plainly  noticeable  in  Gray  and  Torrey,  the  handsome  gray  and  rather 
evenly  banded  gneisses  dip  rather  steeply  to  the  west  and  north,  while 
just  opposite,  on  the  east  side,  an  opposite  dip  occurs,  the  saddle  just 
east  of  the  two  peaks  being  in  a  sharp  anticlinal  axis.  Opposite  the 
mountain,  and  a  little  south,  perched  midway  up  the  precipitous  face  of 
the  MacLellan  Kidge,  its  houses  held  on  to  the  face  of  rock  by  chains 
and  rods,  and  accessible  only  by  the  aid  of  ropes,  is  the  Stevens  mine. 
Here  some  structureless  granite  masses  confuse  the  gray  gneiss,  the  mine 
being  in  one  of  them,  and  faults  occur,  but  it  seems  to  be  here  that  the 
Bxis  of  the  anticlinal  leaves  the  valley,  for  down  the  latter  the  general 
dip  is  to  the  northwest.  Joining  the  next  fork,  the  strike  still  bears  east 
and  west,  or  northeast  and  southwest,  dipping  north  and  west,  till  about 
midway  to  Georgetown,  when  a  mass  of  hard,  structureless,  massive, 
porphyritic  granite  is  met,  in  which  the  Terrible  mine  is  situated.  The 
contact  between  the  schists  and  granites  can  be  quite  readily  traced  up 
the  steep  northern  slope  of  the  valley  just  west  of  the  mine,  and  is  mostly 
very  abru[)t.  The  ends  of  the  westward-dipping  schists  mostly  lie  up 
against  the  granite,  but  in  places  bend  down  into  it,  being  much  con- 
torted, and  while  the  line  of  contact  is  often  remarkably  well  defined, 
the  change  from  one  to  the  other  being  instantaneous,  yet  in  places  the 
change  is  less  abrupt,  the  irregular  ends  of  the  schist  bands  being  ap- 
parently absorbed  in  the  granite  mass.  Some  inclosed  patches  of  schist 
appeared  in  the  granite,  but  with  no  recognizable  general  arrangement, 
while  below  the  structureless  granite  a  southeast  dip  appeared,  intimat- 
ing that  the  granite  occupied  an  anticlinal  axis,  probably  the  northern 
continuation  of  the  Gray's  Peak  anticlinal,  as  indicated  on  the  map. 
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Toward  Georgetown  the  scbistosif-gneisses  stand  for  the  most  part  very 
nearly  vertical,  with  many  faults.  At  one  point  near  Silver  Plume,  a 
small  bill  on  the  north  side  of  the?  valley  showed  an  abrupt  synclinal 
structure,  a  fault  apparently  passing  directly  through  the  axis.  About 
as  far  below  Georfi:etown  as  the  Terrible  mine  is  above  it,  a  rock  on  the 
west  side  of  the  valley,  and  forming  a  little  promontory  at  the  junction 
of  a  aide  stream,  shows  the  same  hard,  structureless  porphyiitic  granite 
as  at  the  Terrible  mine,  with  some  abrupt  lines  of  demarkation  between 
it  and  the  adjacent  schistose-gneisses,  but  also  presenting  some  examples 
of  more  gradual  transition  than  elsewhere,  and  deserving  of  more  care- 
ful study  than  the  time  allowed.  Thisporphyritic  granite  impressed  me 
as  being  more  probably  an  eruptive  mass  occupying  an  anticlinal  axis 
than  one  metamorphism  in  hHu,  though  it  may  not  liave  come  from  afar, 
nor  from  rocks  of  an  origin  dissimilar  from  that  of  its  present  com- 
panions. The  dip  on  the  southeast  side  of  this  anticlinal  must  become 
reversed  in  rising  up  against  the  Evans  mass,  forming  a  synclinal  be- 
tween the  Gray's  Peak  anticlinal  and  Mount  Evans,  but  as  this  region 
was  not  directly  entered,  it  was  not  observed,  and  is  not  indicated  on 
the  map. 

Returning  to  the  irregular  schists  of  The  Ohief  lying  on  the  Mount 
Evans  granites,  and  following  them  eastward,  they  maintain  their  char- 
acters for  some  distance,  but  with  increasing  granite  characters,  until 
they  appear  to  cross  Bear  Creek  and  merge  into  a  granite  country.  The 
hills  are  less  high  and  sharp  than  before  and  rise  from  a  more  uniform 
plateau-like  surface,  with  southern  sides  almost  always  steep  and  almost 
invariably  steeper  than  their  massive  northern  slopes.  The  rock  gen- 
erally appears  to  be  a  reddish  granite,  with  tabular  trimmed  feldspar 
crystals,  and  small  scattered  mica  flakes;  yet  remnants  of  structure  are 
very  numerous  and  can  be  found  in  almost  every  hill.  Patches  of  the 
dirty-red  and  white-contorted  schists,  similar  to  those  of  The  Chief,  occur, 
apparently  indicating  approximately  the  same  horizon.  Near  the  bor- 
der of  the  range,  and  ai)proacliing  the  sedimentaries,  schists  predomin- 
ate, a  line  of  white  (juartzite  outcrops  being  observed  at  one  point  ex- 
tending tor  a  little  distance.  zVll  the  rocks  still  uniformly  incline  to  the 
north,  or  else  east  and  wt^st,  and  none  to  the  south.  A  most  decided 
unanimity  exists  among  the  very  numerous  recorded  strikes  and  dips 
observed  in  the  granites,  which  is  confirmed  by  the  adjacent  schists,  in 
indicating  a  series  of  minor  folds  with  axes  dipping  northward,  some 
quit^.  abrupt,  as  shown  upon  the  ma]).  Though  concealed  by  the  sedi- 
mentaries, the  last-observed  rocks  on  the  extreme  border  of  the  archiean 
rocks  seem  to  indicate  that  the  general  strike  has  swung  from  southeast 
to  northeast,  as  if  the  border  was  near  the  principal  and  northward  dip- 
ping-axis of  a  great  synclinal — the*  compliment  of  the  main  Evans  an- 
ticlinal, with  the  rocks  within  it  crumpled  into  minor  folds  just  as  the 
similar  wrinkles  exist  on  the  l^^vans  fold.  The  mon*  southern  rocks  here 
are  the  most  metamorphosed,  and  in  tracing  them  toward  Mount  Evans 
evidences  of  structure  become  less  and  less  marked  until  they  become 
so  difficult  to  find  in  the  red  and  gray  granites,  that  the  latter  become 
practically  strncturekss.  AVhile  the  higher  mountain-mass  beyond  may 
hereafter  be  found  to  be  partially  exotic  in  character,  yet  here,  upon  its 
southeastern  extension,  its  rocks  are  certainly  clearly  metamorphic.  It 
is  at  points  here  that  an  approximate  parallelism  of  the  tabular  feld- 
spar crystals  to  the  bedding  was  first  observed,  though  it  is  a  character 
that  readily  became  lost  in  a  wholly  fortuitous  arrangement  of  the  com- 
ponents of  the  granite.  Large  iucloseil  schistose  masses,  with  most 
gradual  transitions  along  their  borders  into  the  surrounding  granites,  to 
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the  smallest  and  moat  isolated  of  little  collections  of  mica  flakes,  grad- 
ually dying  out  more  and  more  in  approaching  the  central  mass,  afford 
opportunity  for  a  most  accurate  and  careful  study  of  the  metaniorphisin 
of  bedded  rocks  into  structureless  granites  of  the  most  absorbing  inter- 
est. A  few  uncertain  observations  in  the  red  granites  near  the  south 
border  of  the  map  may  indicate  that  a  southward  dipping  of  the  forn.a- 
tion  begins,  and  if  such  is  the  case,  the  eastern  ridge  of  Evans  may  be 
of  an  anticlinal  structure,  the  mountain  itself  thus  being  at  tlie  inter- 
section of  an  east-west  and  north-south  fold,  just  as,  topographically,  it 
lies  near  the  intersection  of  a  north-south  and  an  east-west  range  of 
mountains.  About  midway  between  the  lower  reaches  of  Clear  Creek 
and  Bear  Creek  the  rather  obscurely -exposed  granites  show  gneissic 
areas,  having  invariably  a  high  southern  dip,  or  the  reverse  of  the  rocks 
of  the  chief  ridge  and  to  the  southeast  of  the  same,  indicating  a  north- 
west and  southeast  synclinal,  as  shown  on  the  map.  This  seems  to  lirst 
appear  in  the  canon  through  which  Turkey  Creek  debouches  from  the 
mountains,  but  here  affected  by  one  of  the  minor  north  and  south 
folds,  and  from  here  on  tlie  course  of  the  axis  seems  indicated  at  tliree 
points,  where  the  rocks  were  found  having  an  abrupt  change  of  strike, 
the  meaning  of  which  was  not  at  tlie  time  understood.  What  is  thus 
indicated  of  this  axis  would  show  it  to  dip  to  the  northwest,  but  tlie 
complimentary  southeast  dip  that  should  occur  does  not  seem  to  be  in- 
dicated, and  its  northern  entl  is  probably  cut  off  by  a  fault. 

The  minor  folds  ui)ou  the  Mount  Evans  anticlinal  give  to  the  greater 
fold  a  squarish  form,  the  northeast  corner  of  which — that  at  Idaho— being 
a  sharp  bend,  while  the  northwest  portion  seems  to  be  more  rounded. 
These  two  outer  folds  are  the  two  principal  components  of  the  main 
fold,  and  as  the  latter  lies  nearest  the  main  axis  of  the  range,  it  will 
be  mentioned  first.  From  Clear  Creek  to  James  Peak  no  observa- 
tions were  made.  At  the  latter  the  general  strike  of  the  gray-banded 
gneissic  schists  forming  the  main  ridge  is  northeast  and  north-northeast, 
and  dipping  northwest  from  25^  to  J50.  Following  them  along  north- 
eastward, however,  they  swing  around  more  and  more  east  to  southeast 
and  in  j)laces  nearly  south,  with  rather  low  eastern  dips,  thus  indicating 
an  anticlinal,  having  an  axis  lying  just  east  of  the  main  topographical 
crest,  and  having  a  northward  inclination.  South  Boulder  Creek  rises 
at  this  point,  and  for  nearly  ten  miles  down  its  canon  there  seems  to  he 
an  uninterrupted  series  of  schists  and  gneisses  of  difterent  varieties, 
some  gray  and  some  garnetiterous,  striking  more  or  less  northwest- 
southeast,  with  northeastern  dip  of  20^  to  o(F',  till  the  stream  enters  an 
apparently  structureless  granite  mass,  which  will  be  referred  to  later. 
Following  northward  along  the  range,  the  same  swing  of  the  strata 
appears  at  the  Boulder  Pass,  and  again  at  Arai)aho  Peak.  Through  all 
this  distance,  from  Evans  northward,  would  thus  seem  to  be  a  great 
anticlinal,  with  a  northward-dipping  axis,  and  if  the  series  were  unin- 
terrupted, an  enormous  thickness  of  rocks  must  be  represented.  It  is 
quite  possible,  however,  that  unobserved  faults  occiur,  the  northern  side 
being  thrown  upward,  thus  bringing  the  same  series  to  view  more  than 
once.  A  little  north  of  Arapaho  Peak  the  character  changes  some- 
'what ;  some  strikes  from  the  northwest  instead  of  from  the  southwest 
"would  seem  to  show  that  the  axis  of  the  anticlinal  was  nearly  horizon- 
tal, or  rather  had  a  gentle  southward  dip,  as  if  an  east-west  synclinal 
fold  had  flexed  the  north-south  anticlinal  fold.  From  Arapaho,  and 
from  points  northwest  Jind  southeast  of  the  mountain,  many  fine  views 
of  the  great  canon-cut  mountain-mass  at  the  north  may  be  had,  and  the 
structure  generally  shown  is  that  of  a  broad  flat  anticlinal,  with  a  nearly 
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horizontal  axis,  the  plainer  bands  of  rocks  showing  as  doming  over  in 
great  flat  corves,  with  minor  flexures  here  and  there,  and  steepening  in 
dip  on  either  the  east  or  west.  Long-s  Peak,  the  grandest  mass  of  all,  is 
mostly  of  coarse  granite,  but  with  several  lenticular  masses  of  darker 
schistose  rock  plainly  showing  in  its  precipitous  glacier-scored  sides.  East 
from  Tx>ng'ft»  generally  the  country-roek  seemed  almost  wholly  of  granite, 
both  gray  and  deep  red,  coarse,  crumbling,  and  with  large  tabular  fold- 
spar  crystals.  But  little  evidence  of  structure  was  noticed,  but  all  that 
was  observed  showed  eastward-dipping  rocks,  thus  enforcing  the  gen- 
eral anticlinal  structure  of  the  range.  Throughout  all  this  northern 
portion  of  the  map  the  dotted  outcrop  lines  are  wholly  approximate, 
and  intended  simply  to  indicate  probable  structure. 

At  Lilly  Mountain  a  more  schistose  zone,  with  red  granite  beds  con- 
taining garnets,  was  found,  which  soutliward  gave  way  to  some  reddisli 
granites,  but  seemed  to  again  show  itself  somewhat  plainer  between 
North  and  Middle  Saint  Vrain's  Creeks.  East  of  Lilly  Mountain  but 
random  and  uncertain  observations  were  made,  but  what  was  seen  ap- 
pears to  conform  to  the  nearest  more  certain  observations.  Close  to  the 
border  of  the  range,  between  the  Little  and  Big  Thompson  Creeks,  and 
best  exposed  in  the  high  and  rather  isolated  hill  thrown  up  by  the  eche- 
lon folding  of  this  region,  rocks  of  well  defined  bedding  occur,  gray 
schistose  gneiss,  «S:c.,  changing  to  hard  greenish  siliceous  rocks,  as  if 
impregnated  with  actinolite,while  still  farther  out,  and  exposed  by  faults 
that  push  aside  the  covering  sedimentary  rocks,  are  clear  white  quartz- 
ites.  Between  the  North  and  South  Saint  Vrain's  a  few  strikes  in  the 
mostly  structureless  granites  would  seem  to  indicate  a  pretty  sharp  east- 
west  anticlinal  dipping  east.  Tracing  these  outer  beds  farther  south- 
ward, a  flattening  of  the  formation,  south  of  South  Saint  Vrain's,  spreads 
the  strikes  in  a  peculiar  way,  opening  out  or  widening  the  outcrops  of 
the  formations.  Still,  all  the  dips  are  eastward,  except  one  small  occur- 
rence of  white  quartzite.  This  appeared  as  a  ridge,  only  about  100  feet 
long,  rising  above  the  soil  of  a  flattish  contoured  region,  where  all  other 
exjiosures  showed  the  coarse,  leddish,  crumbling,  tabular-crystalled 
granites,  with  but  occasioiml  evidences  of  structure,  which,  however,  us 
just  remarked,  all  indicate  a  dip  in  a  general  easterly  direction.  The 
small  patch  of  white  quartzite  had  a  well-defined  trend  of  15o  to  25^ 
east  of  north,  and  dipped  4.")0  northwest,  as  if  it  represented  a  remnant 
of  an  unconformable  series  resting  on  the  granites.  The  joints  and 
seams  contained  radiated  actinolite,  and  some  of  the  quartzite  wa« 
tinted  green,  as  if  containing  the  same  disseminated  in  the  mass.  It 
thus  resembled  the  green  siliceous  rocks  north  of  the  Little  Thom])Son 
and  elsewhere,  which  certainly  jiass  into  and  belong  to  the  schist  series. 
In  the  neighborhood  of  Jim  Creek  the  observed  strikes  appear  incon- 
sistent with  one  another,  and  are  too  few  to  indicate  what  the  structure 
really  is.  For  a  little  way  above  where  Jim  Creek  joins  Left  Hand, 
schists  or  banded  gneisses  prevail,  as  w^ell  as  on  down  Left  Hand  to  the 
sedimentaries,  all  having  a  general  northeast  strike  and  southeast  dip. 
They  are  probably  the  same  as  those  a  little  north,  near  South  Saint 
Vrain's,  the  two  apparently  swinging  around  to  join  one  another  along 
the  eastern  mountain  ba^,  the  higher  hills  at  the  west  being  of  coarse 
granites.  For  some  miles  up  Jim  Creek  the  coarse  structureless  gran- 
ites prevail,  with  porphyry  dikes  penetrating  them  here  and  there. 
Some  debris  of  true  syenite  was  here  seen.  This  irregularly-banded 
schist-zone  seems  to  form  the  high  ridge  between  Jim  and  Left  Hand 
Creeks,  running  toward  Gold  Uill  and  dipping  southeast.  From  Gold 
mil  southeast  a  zone  of  similar  schists  and  banded  gneisses  shows  here 
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and  there  in  Four-Mile  Creek  as  striking  south  of  east  and  dipping; 
Dorthward.    Kiinning  from  Gold  Hill  eastward  would  thus  ap[>ear  to  be 
an  eastward  dipping  synclinal  axis,  the  included  surface-rock  seeming 
to  be  a  coarse  gray  and  reddish  gueissic  granite,  some  of  it  containing 
considerable  mica,  but  much  of  it,  like  most  of  the  granites  north,  hav- 
ing but  little  mica,  and  that  in  small  and  scattered  tlakes.    This  syncli- 
nal may  be  the  eastern  extremity  of  the  fold  that  was  stated  to  flex  the 
great  north-south  anticlinal  of  the  main  range  near  Arapaho  Peak, 
flattening  the  axis  toward  the  north.    The  schists  running  southeast 
from  near  Gold  Hill  seem  to  continue  on  westward  in  a  pretty  well  de- 
fined zone  with  some  small  but  obvious  north-south  folds,  as  indicated 
on  the  map,  but  with  general  northern  dip.    A  northwest  extension  of 
schists,  with  south  dip,  as  if  the  east- west  synclinal  extended  through 
here  westward,  does  not  appear  from  the  few  and  imperfect  observations 
made  in  this  direction  to  exist  here,  indicating  that  a  fault  must  be  re- 
sorted to  to  explain  the  curious  outcrop  that  the  map  indicates.    South 
of  these  schists  there  seems  to  be  shown  a  pretty  sharp  line  of  demarka- 
tion  between  them  and  a  coarse  granite  region  across  which  the  North 
and  the  Lower  Middle  Boulder  Creeks  cut  their  impressive  canons. 
Along  the  canon  of  the  latter  a  very  few  imperfect  east-west  strikes, 
with  steep  north  dip,  seemed  indicated,  which  lower  down,  near  the 
sandstones,  swing  southward.    South  of  here,  between  the  Middle  and 
South  Boulder  Greeks,  though  no  direct  strikes  were  observed,  yet  the 
different  granites  were  plainly  arranged  in  zones  trending  about  north 
and  south,  but  running  more  southwest  in  following  them  southward. 
Near  the  mouth  of  the  South  Boulder  Gailon,  and  renting  on  these  zoned 
but  otherwise  structureless  granites,  the  quartzites  first  appear  in  force, 
with  a  south-southwest  strike,  and  dip  of  60^  to  the  southeast.    Though 
mostly  quite  pui^e,  yet  these  quartzites  may  be  traced  into  siliceous 
schists  and  are  associated  with  mica  schists  and  gneisses.    The  above- 
described  structural  relations  would  seem  to  indicate  that  these  quartz- 
ites were  the  stratigraphical  equivalent  of  the  Four-Mile  schist  zone, 
though  here  by  no  means  so  far  metamorphosed,  and  that  could  the  cov- 
ering sandstones  at  the  east  be  stripped  off,  the  two  might  be  traced 
out  till  they  unite  and  become  continuous.    The  quartzite  ridges  are 
well  marked,  and  near  the  southern  end  the  rocks  appeared  to  show  as 
if  folded  upon  themselves  into  a  sharp  synclinal,  the  east  side  being 
thrown  even  beyond  the  vertical,  and  if  this  is  so  it  may  be  the  north- 
ern prolongation  of  the  flatter  synclinal  that  appears  east  of  The  Chief, 
as  indicated  on  the  map,  but  this  is  very  uncertain.    Attention  has 
already  been  called  to  the  sharp  fold  near  Idaho,  and  forming  the  north- 
east corner  of  the  greater  Evans  fold.    The  region  lying  directly  be- 
tween Idaho  and  Ceutriil  was  not  passed  over,  but  at  Central  the  rocks 
indicated  a  sharp  fold  similar  to  that  at  Idaho,  and  in  view  of  the  per- 
sistence of  the  fold  south  of  Idaho  it  would  seem  to  be  the  northern  ex- 
tension of  the  same,  as  likewise  shown  on  the  map.    It  would  then  pass 
on  northward  and  be  lost  in  the  structureless  granites  below  theqnartzite. 
These  here  form  the  bulky  mass  of  Ralston  Butte.    The  granites  here 
are  not  red,  but  gray,  the  feldspar  being  mostly  a  clear,  translucent 
white,  and   the  rock  ver}'  coarse-grained'  and  exceedingly  handsome. 
Still  one  or  two  small  isolated  gneissic  patches  were  observed.     If  the 
stratigraphy  is  here  indicated  by  the  dotted  lines  this  granite  area  must 
represi^ut  much  flattened  strata  in  order  to  widen  out  the  formation  as 
it  appears  to  do,  yet  all  the  observations  made  near  its  edges  were  of 
steep  dipping  rocks.    The  relations,  however,  all  through  here  are  not 
so  clear  as  it  could  be  wished.    In  the  region  near  lialston  and  Clear 
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Oeeks,  and  just  back  of  the  "hogfbacks,"  the  Rtraight-banded  p^neissio. 
an<l  siliceous  schists  and  the  irreguhir  red  and  white  ^arnetiterous  schists 
seem  folded  into  a  pretty  clear  case  of  a  southward  dipping  anticlinal 
with  the  west  side  thrown  over  i)ast  the  vertical.  Sncli  a  stru(»ture, 
however,  would  be  inconsistent  with  the  general  structure  inunediately 
west,  unless  we  assume  the  w^est  side  of  the  fold  to  be  in  the  normal 
position  and  the  eastern  rocks  tipped  i)ast  the  vertical.  As  some  of 
them  liequit^  flat  it  hardly  seems  as  if  the  inversion  could  have  been  so 
^eat.  Notwithstanding  the  many  observations  here  made  the  structure 
does  not  seem  to  have  been  clearly  made  out,  and  no  attempt  is  made  to 
iudiciit€  it  by  the  dotted  approximate^  horizon  lines.  The  western  slopes 
of  the  main  range,  as  well  as  the  other  areas  of  archa^an  rocks  gener- 
ally, were  not  studied  even  as  carefully  as  the  east  slope,  and  but  little 
can  be  said  of  them.  The  western  slope  of  the  main  range,  in  its  north- 
ern portion  whenever  it  was  obser\'ed,  appeared  to  have  a  general  w^est- 
ern  dip,  which  was  also  indicated  in  all  the  general  views  obtained  of 
it.  Grossing  the  great  trough-like  valley  of  the  Upper  Grand  Kiver, 
the  high  southern  ])ortion  of  the  Medicine  Bow  range,  where  visited,  was 
of  a  very  sharp  anticlinal  character,  the  rocks  appearing  folded  quito 
flatly  upon  themselves.  It  is  cpiite  i)ossible  tliat  the  fold  is  recent  and 
that  the  sedimentary  once  mantled  over  it,  tilled  the  trough  of  the 
Grand,  and  ran  far  up  on  the  main  range.  When  the  broad  rolling 
ridge  of  the  Park  range  was  touched,  at  the  extreme  northwest  corner 
of  the  Middle  Park,  it  presented  only  a  massive  granite  of  the  ver>'  ' 
coarsest  description,  with  great  ciystals  of  feldspar,  and  no  observed 
structure  whatever. 

Many  miles  south,  where  the  range  rises  on  the  great  Blue  River 
group  of  mountains,  schists  and  gneisses  predominate.  These  all  seemed 
to  have  a  pretty  uniform  trend,  following  ])retty  closely  the  remarkably 
sharp  spurs  running  out  northeastward  from  the  main  ridge  and  dipping 
southeastward.  In  Ute  Peak  tlie  trend  runs  nearly  east  and  west  with 
a  nearly  vertical  dip.  In  Mount  Byers,  the  northwest  spur  from  the 
Berthoud  Pass  group  of  mountains,  the  strike  was  mostly  with  the  spur. 
The  great  east-west  ridge  connecting  the  Evans  group  with  the  Park 
range,  and  forming  the  divide  between  the  Middle  and  South  Parks, 
was  not  examined. 

It  is  unfortunate  that  more  definite  and  positive  results  could  not 
have  been  arrived  at,  but  when  the  extent  of  the  area  traversed,  and  the 
short  time  employed,  together  with  the  fact  that  other  rocks  demanded 
attention,  and  the  ])eculiar  difliculties  in  the  way  of  this  si)ecial  study, 
are  all  taken  into  consideration,  the  outcome  of  the  season's  work  can- 
not be  regarded  as  so  very  small.  The  fact  that  the  great  front  range 
is  practically  composed,  through(mt  this  region  at  least,  of  metamorphic 
rocks,  and  that  these  rocks  possess  a  definite  and  accessible  structure, 
is  certainly  shown,  and  while  errors  may  be  found  in  minor  points,  yet 
it  is  believed  that  the  more  general  structure  of  the  range  as  shown  in 
the  map  will  be  ultimately  found  to  be  substantially  correct.  Some  of 
the  topographical  features  of  these  rocks  are  dwelt  upon  in  the  early 
part  of  the  following  chapter,  when  speaking  of  the  u])per  valley  of 
Cirand  Biver,  and  later  when  describing  the  Blue  Biver  Mountains.  It 
is  hoped  that  a  more  complete  digest  of  the  notes,  with  study  of  the 
specimens,  aided  perhaps  by  chemistry  and  the  microscope,  may  not 
only  add  interesting  results  to  the  lithological  and  metamorphic  ques- 
tions involved,  but  assist  in  perfecting  the  knowledge  of  the  stratigrai)hi- 
-cal  structure  of  the  range  as  presented  above. 
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CHAPTER    IV. 

THE  MIDDLE  PARK. 

lu  Chapter  I  was  given  a  brief  description  of  the  principal  topo- 
graphical characters  of  that  region,  the  drainage  system  of  which,  as  a 
whole,  may  be  considered  as  composing  the  Middle  Park.  The  general 
symmetry  of  this  drainage,  with  Grand  Itiver  as  an  axis,  its  radiating 
tributaries,  as  well  as  the  remarkable  isolated  character  or  unity  of  the 
system,  all  of  its  waters  finding  their  exit  through  the  single  outlet — 
canon  of  the  Grand — were  there  noticed,  and  attention  called  to  the 
fact  that,  notwithstanding  the  great  basiulike  character  of  this  area,  as 
indicated  by  these  features,  yet  this  character  is  in  great  part  lost  by 
the  prominence  of  many  of  the  ridges  se])arating  its  secondary  drainages, 
and  the  general  diversity  of  much  of  its  surface,  wherein  it  presents  a 
striking  contract  with  the  iar-better  defined  basin-like  character  of  the 
North  and  South  Parks  on  either  hand.  The  fact  that  this  isolated  and 
independent  system  is  the  easternmost  region  in  the  United  States,  in 
which  Pacific  waters  take  their  rise,  was  also  referred  to,  while  it  was 
suggested  that,  as  a  geological  basin,  the  northern  side  is  wanting. 
The  general  course  of  the  streams  forming  the  system,  as  well  as  the 
'  more  salient  features  of  their  valleys  and  separating  ridges,  were  also 
briefly  sketched  out. 

The  distribution  and  structure  of  the  rocks  forming  this  region  will 
now  demand  our  attention.    (See  map  at  front  of  chapti^r.  Fig.  8.) 

All  the  eastern,  southern,  and  western  rim  of  this  isolated  drainage 
basin,  as  well  as  the  massive  mountain  areas  bordering  much  of  the 
same,  chiefly  on  the  east  and  south,  are  composed  of  apparently  the 
same  system  of  metamorphic  crystalline  schists  and  granites  that  are 
found  on  the  east  slope  of  the  range,  excepting  always  certain  smaller 
areas  of  Paleozoic  sedimentary  rocks,  which  occur  near  the  sources  of 
the  Blue  Kiver,  and  which  are  quite  separated  from  the  younger  sedi- 
mentary rocks  to  follow,  and  will  not  be  further  considered  in  this  report* 

All  the  northern  and  middle  portions  of  the  park,  which  include  all 
tlie  lower  and  more  truly  park-like  portions,  are  composed,  excepting  a 
few  areas  of  Archsean  rocks  along  the  Grand,  of  younger  sedimentary 
rocks,  which  are  not,  as  a  rule,  greatly  disturbed. 

THE  CRETACEOUS  FORMATION  OF  THE  MIDDLE  PARK. 

Apparently  the  oldest  of  this  series,  resting,  where  found,  directly 
upon  the  crystalline  rocks,  is  the  Cretaceous.  This  formation  seems  to 
vary  from  about  3,500  to  about  4,500  feet  in  thickness,  and  is  divided 
much  like  the  Cretaceous  upon  the  cast  side  of  the  range,  with  some 
very  strong  lithological  resemblances  existing  between  some  of  the  divis- 
ions. 

At  the  base  is  a  series  of  sandstones,  some  of  which  are  red,  and  both 
massive  and  shaly,  but  the  most  characteristic  feature  of  the  group 
is  the  presence  of  hard,  whitish  or  white,  highly  siliceous  sandstones, 
often  conglomerates,  which,  at  times,  form  such  compact  quartzites  that 
in  hard  specimens  the  rock  can  hardly  be  distinguished  from  some  ar- 
chsean quartzites.  Being  so  hard,  erosion  has  generally  molded  these 
sandstones  into  prominent  exposures,  leaving  the  softer  beds  in  less  no- 
ticeable positions,  while  their  marked  persistent  lithological  characters 
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render  them  easily  recoffnizable.  These  sandstones,  therefore,  naturally 
occur  near  to,  and  dipping  at  angles  of  from  10^  to  50^  away  from,  the 
ridges  of  archiean  rocks  surronuding  the  Cretaceous  areas.  This  groui> 
appears  to  vary  from  about  350  or  400  feet,  near  the  Hot  Springs,  to,  per- 
haps, 1,200  feet,  near  the  head-waters  of  the  Muddy. 

At  the  summit  of  the  formation  there  is  also  a  series  of  sandstones. 
Here,  however,  the  predominent  colors  are  rusty-brown  or  yellow,  and 
wliile  shaly  sandstones  occur,  the  more  massive  beds  are  soft  and 
friable  in  nature,  and  often  concretionary.  From  only  about  700  feet  at 
the  east,  these  may  become  1,000  feet  thick  farther  west.  Between  tliese 
two  series  of  sandstones,  and  all  througli  the  middle  of  the  formation, 
embracing  an  average  tliickness  of,  perliaps,  200  feet,  dark  argiUaceous 
slaty  shales  prevail.  These  naturally  contain  arenaceous  beds  here  and 
there,  which  sometimes  become  quite  nuuierous,  more  especially  toward 
the  top.  No  well-defined  division  of  these*  middle  beds  was  observed. 
In  the  northwest  j>ortion  of  the  park,  however,  and  about  one-quarter 
or  one  fifth  of  the  way  up  from  the  base  of  the  shales,  is  a  horizon 
at  wiiich  calcareous  beds  tend  to  occur.  These  usually  appear  as 
thin  limestones,  consisting  sometimes  of  two  or  three  more  i>rominent 
beds,  with  several  minor  ones,  the  thickest  reaching,  perluips,not  much 
more  than  15  feet.  Though  inclined  to  tabular,  or  irregularly  thin-bed- 
ded, the  limestcme  is  sufficiently  harder  than  the  adjacent  shales  to  ap- 
pear, when  thick  enough,  as  a  hog-back-like  ridge  above  the  surface. 
It  is  brownish  compact  saccharoidal,  and  often  almost  wholly  made  up 
of  Cretaceous  fossils,  the  principal  one  of  which  resembles  closely  Inu- 
ceramus  acutirostriSj  a  fossil  of  the  Cretaceous  No.  2,  of  the  Nebraska 
section  of  Meek  and  Hayden.  These  limestones  bear  constantly  u 
characteristic  odor  of  petroleum. 

The  usual  Cretaceous  fossils  are  found  here  and  there  through  the 
middle  shales,  and  appear  quite  numerous  in  the  upper  friable  sand- 
stones. At  one  point  in  the  latter,  fossils,  probably  the  Inocet^amus  bar- 
abini  (Morton)  of  the  Cretaceous  No.  5  of  Nebraska,  were  found. 

There  thus  appears  to  be  a  very  sti-iking  resemblance  between  the 
general  arrangement  of  these  groups  and  the  five  divisions  of  the  Cre- 
taceous, while  the  lower  and  upper  sandstones  present  lithological  char- 
acters remarkably  similar  to  those  of  No.  1  and  No.  5,  respectively,  of 
Ilaydeu's  divisions  of  the  Cretaceous  as  present  east  of  the  mountains. 
The  true  equivalent  of  No.  3  may  not  have  been  recognized,  and  though 
the  Inocemmus  acntirostris  (M.  and  II.)  of  the  thin  limestones  which 
occur  in  the  lower  middle  slates  may  indicate  it  as  belonging  to  No.  2, 
yet  this  horizon  of  calcareous  sediment  would  seem,  on  other  grounds, 
to  be  the  real  rei>resentative  of  No.  3,  and  is  so  given  on  sections  2  and 
3,  Plato  III.  A  complete  examination  of  the  fossils  is  needed  to  estab- 
lish the  tnie  correlations.  All  these  softer  portions  of  the  formation 
occupy  the  valleys,  and  are  mostly  covered  with  subsequent  beds,  ren- 
dering their  characters  not  readily  studied,  and  not  always  clear.  The 
representatives  of  Nos.  2  and  4  are  much  more  strikingly  argillaceous 
than  along  the  east  base  of  the  range,  and  may  be  undistingiiishable 
from  one  another  unless  the  beds  assumed  as  No.  3  occur  distinctly 
enough  to  separate  them. 

Though  no  Ibssils  were  observed  in  the  lower  siliceous  sandstone,  its 
relations  to  the  beds  above,  a«  well  as  its  lithological  character,  show 
it  to  be  identical  with  the  Cretaceous  No.  1,  east  of  the  range.  Near 
the  entrance  of  the  park,  and  on  the  Upper  Muddy  River,  there  was  a 
much  greater  thickness  of  the  redder  and  softer  beds  lying  between  the 
more  characteristic  quartzites  of  No.  1  and  the  archseau  rocks  belowy 
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than  Id  the  remaiDing  portions  of  the  park.  These  may  represent  small 
portions  of  the  Jurassic  caught  between  the  Cretaceous  and  the  under- 
lying archa^an ;  and  if  so,  the  Jurassic  should  be  represented  as  occur- 
ring in  the  park.  On  the  other  hand,  however,  they  do  not  strongly 
resemble  the  variegated  arenaceous  shales  of  the  Upper  Jurassic,  which, 
both  east  of  the  range  and  west  of  the  park,  occur  below  the  Lower 
Cretaceous,  while  they  do  contain  thick  beds  of  siliceous  sandstone 
very  like  those  characterizing  the  undoubted  No.  1,  just  above;  and, 
moreover,  in  beds  laid  down  ui>on  a  newly-prepared  sea-floor  of  far  older 
and  non-conformable  rocks,  as  these  were,  unevennesses  of  the  under- 
lying surface  and  corresponding  abrupt  changes  of  thickness  of  the 
newer  beds  are  to  be  expected.  I  have,  therefore,  in  view  of  these  con- 
siderations, and  in  the  absence  of  fossils,  regarded  these  beds  as  form- 
ing a  portion  of  the  Cretaceous  No.  1.  The  transition  between  No.  1 
and  the  slates  above  is  abrupt,  while  the  shales  of  No.  4  and  sandstones 
characterizing  No.  5  appear  to  commingle,  giving  no  marked  line  of  sep- 
aration between  them.  As  was  first  distinctly  pointed  out  by  New- 
berry* east  of  the  range,  so  here  in  the  middle  park,  the  generaf  a^^pect 
of  the  formation  as  a  whole  is  that  of  a  "circle  of  deposition,"  an  en- 
croaching shore-line  deposit  of  sandstones  attending  slow  submergence, 
followed  by  a  deeper  water  sediment  forining  slates  and  shales,  but  not 
reaching  sufficient  depth  or  attaining  the  proper  conditions  to  develop 
extend<^  limestone  deposits ;  in  turn  followed  by  a  shallowing  sea,  with 
more  arenaceous  accumulations.  The  latter  shallowing  probably  accom- 
panied, perhaps  as  an  effect  of  the  same  cause,  the  formation  of  a  gen- 
tle anticlinal  fold,  found  along  the  lower  portion  of  the  Grand  River, 
and  which  occurred  shortly  after  the  deposition  of  the  No.  5  sandstones, 
and  before  the  laying  down  of  the  next  great  sedimentary  deposit,  as 
will  be  seen  later. 

A  thin  seam  of  coal  occurs  in  the  lower  mid-cretaceous  slates,  a  few 
hundred  feet  above  the  quartzitic  sandstones  of  No.  1,  at  the  Hot 
Springs,  indicating  that  coal-forming  conditions  existed  far  below  the 
usual  lignite  horizon  just  east  of  the  range.  The  latter,  as  shown  later, 
seems  to  be  also  found  in  the  park,  but  very  poorly  indicated. 

DOLERITIC  BRECCIA. 

Above  the  Cretaceous  No.  5  the  next  youngest  rock  is  a  local  occur- 
rence of  volcanic  doleritic  material,  consisting  partially  of  subaqueous- 
arranged  material — dolerite,  tuff,  and  breccia — and  partially  as  accom- 
panying lava-flows ;  in  all,  reaching  a  maximum  thickness  of  800  or  900 
feet. 

THE  LIGNITIC  FORMATION   OF   THE  PARK. 

Resting  upon  the  latter  when  it  occurs,  but  elsewhere  upon  Creta- 
ceous No.  5,  and  apparently  conformable  with  the  latter,  except  at  one 
point  where  there  is  a  decided  uncoiiformability,  is  a  series  of  beds 
which  reach  a  thickness  of  about  '5,500  feet.  Not  being  capped  with 
any  beds  following  them  in  direct  geological  sequence,  it  is  impossible 
to  tell  how  much  thicker  they  may  originally  have  been,  erosion  having 
already  removed  an  unknown  amount  of  them.  They  are  composed  in 
l)art  of  sandy  shales,  in  places  more  or  less  argillaceous  and  quite  soft, 
spaced  rather  regularly  with  more  prominent  and  characteristic  hori- 

•Anierican  Assoc,  meetiug,  Newport,  K.  I.,    1^H50;  also,  later,  Proc.  Am.  Assoc,  Aug., 
Ib73,  p.  185,  &c. 
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zoDS  of  coarse  saudstones,  which  are  often  inclined  to  gnt%  and  fine 
conglomerates.  The  texture  of  the  latter  is  usually  open  and  not  firmly 
compacted,  while  the  material  of  which  they  are  composed  is  character- 
istically the  (UbrU  of  the  archrean  rocks  of  the  mountains,  granitic  d^ 
bris  prevailing.  While  some  of  the  finer-grained  massive  beds  are  som- 
ber brown  in  color,  the  usual  colors  are  light  gray  or  whitish.  Escarp- 
ments of  the  harder  gravels,  reaching  30  feet  in  height,  separated  by 
shaly  slopes  of  5  to  10  feet,  often  muke  up  the  hillsides,  while  every  few 
hundred  feet  in  altitude  a  predominance  of  the  more  massive  gravels 
has  caused  the  erosion  to  carve  the  whole  formation  into  a  series  of  high 
terrace-like  steps,  in  places  well  defined,  but  in  others  indicated  only  by 
changes  of  steepness  in  the  long,  wavy,  graceful  slopes  of  the  hills.  It 
generally  forms  a  high  broken-teiTaced  region.  Impi^ssions  of  decid- 
uous leaves  are  (iuite  numerous  at  favorable  localities  and  small  isolated 
patches,  and  one  or  two  thin  seams  of  carbonaceous  material  were  also 
observed.  No  other  fossils  were  observed  in  these  beds.  It  has  been 
strongly  aftected  by  the  last  great  folding  accompanying  the  formation 
of  the  Rocky  Mountains,  portions  of  it  being  abruptly  upturned,  to- 
gether with  the  underlying  sedimentary  rocks.  In  position  and  char- 
acter, therefore,  this  group  of  beds  appears  to  be  the  equivalent  of  the 
lignitic  group  east  of  the  mountains.  Here,  as  there,  in  view  of  the 
as  yet  disputed  age  of  these  beds,  whether  Cretaceous  or  Eocene-Ter- 
tiary, and  to  avoid  possible  eriW,  the  non-commital  name  of  lignitic 
formation  will  be  at  present  retained.  These  beds  are  intersected  to 
their  highest  points  by  dikes  of  handsome  light-gray,  porphyritic 
trachite. 

LAKE  BEDS  OF  THE  MIDDLE  PARK. 

After  the  lignitic  there  is  a  geological  break,  the  beds  next  following 
being  of  far  more  reci^nt  age.  These  occur  nowhere  at  the  higher  eleva- 
tions, but  occupy  all  the  lower  basins.  In  the^e,  and  following  the 
streams,  they  usually  form  broad,  low  terraces,  often  much  cut  by  the  lat- 
eral streams  into  isolated  pieces  or  long  even-topped  tonguesrunning  out 
from  the  valley  sides.  Near  the  borders  of  these  areas  these  beds  often 
plainly  show  that  their  material  was  derived  from  the  adjacent  rock^ 
often  being  of  coarse  granitic  or  schistose  debriSj  or  of  the  lignitic  sand- 
stones worked  over ;  more  frequently  they  are  of  finer  sands  and  of 
characteristic  marls  of  exceedingly  white  color.  They  are  usually  found 
resting  on  the  arch^an  rocks,  as  along  the  Lower  Grand,  or  on  the  softer 
shales  of  the  Cretaceous,  which,  in  former  times,  as  now,  aflbrded  the 
weakest  lines  for  erosion  to  work  most  successfully  at,  and  which,  there- 
fore, occupy  nearly  all  of  the  lower  areas.  Along  such  lines,  then,  the 
streams  cutting  through  these  terraced  beds,  constantly  expose  beneath 
them  the  more  or  h^ss  upturned  edges  of  the  Middle  Cretaceous  beds. 
They  show  a  thickness  of  probably  not  over  300  feet  at  any  one  point, 
though  their  vertical  range  seems  to  rejxch  to  or  above  a  thousand  feet. 
A  few  dips  of  ten,  possibly  of  fifteen,  degrees,  were  observed  in  them  in 
the  eastern  portion  of  the  park.  Unfortunatel}'  no  fossils  were  found 
in  these  beds,  leaving  a  satisfactory  determination  of  their  age  impos- 
sible, though  they  are  undoubtedly  very  late,  or,  perhaps.  Post-tertiary. 
They  may,  following  Dr.  llaydeu,  be  very  api>ropriately  called  lake-beds. 

GLACIAL. 

In  the  Upper  Grand,  and  at  the  base  of  t'he  Blue  Eiver  Mountains, 
are  extensive  glacial  moraines.    Though  no  good  exposure  was  observed 
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proving  tlie  fact  coDclusively,  yet  tbe  manner  of  tbeir  occnrrenee  is  snob 
as  to  indicate  that  tbey  were,  in  part,  contemporaneous  witb  tbe  lake 
beds,  tlie  upper  terraces  of  tbe  latter  apparently  covering  and  mantling 
around  tbeir  ends. 

Alluvial  material  occurs  bere  and  tbere  adjacent  to  tbe  streams,  and 
may  in  places  bave  been  taken  for  lake  beds,  being  probably  tbe  same 
material  worked  over.  Indeed,  tbe  alluvium  is  in  places  tbe  later  pro- 
duct of  tbe  same  or  similar  forces  wbicb  i)roduced  tbe  lake  beds. 
Witb  tbe  allu\ium  sbould  be  classed  tbe  meadows  inclosed  by  tbe  gla- 
cial material. 

Basaltic  lava  covers  wide  areas,  forming  some  of  tbe  bigbest  points, 
wbere  it  usually  caps,  as  a  prote(»tive  covering,  tbe  lignitic  sandstones, 
tbougb  it  basalso  run  down  into  tbe  lower  regions,  covering  large  areas 
of  tbe  lake  beds. 

Having  spoken  tbus  generally  of  tbe  various  rocks  composing  tbe 
Middle  Park,  tbeir  mort*.  special  cbaracters  and  distribution  will  now 
receive  attention,  taking  up  in  succession  tbe  vaiious  areas  wbicli  com- 
l)ose  tbe  park, 

THE  VALLEY  OF  THE  UppKR  GRAND. 

Tbe  Nortb  Fork  of  tbe  Grand  River  occupies  a  profound  valley  lying 
between  tbe  soutbern  end  of  tbe  Medicine  Bow  range,  upon  tbe  west, 
and  tbe  Long's  Peak  group,  of  tbe  main  range,  upon  tbe  east.  Looking 
up  tbis  great  valley  from  tlie  soutb,  tbe  walls  of  rock  seem  to  rise  in  great, 
abrupt,  but  ratber  even,  massive  slopes  to  a  pretty  general  mountain 
level  on  eitber  band,  tbe  bottom  of  all  tbe  lower  imrtion  of  tbe  valley 
being  quite  flat,  and  averaging  about  two  mile«  in  widtb.  Witbiu  tbe 
valley,  bowever,  tbe  numerous  great  gorges  coming  down  from  eitber 
side,  cbiefly  from  tbe  east,  so  break  up  tbe  apparent  regularity  of  tbe 
sides  as  seen  foresbortened  from  tbe  soutb,  tbat  tbe  impression  is  of  a 
maze  of  rugged  mountain  spurs  and  canons.  Tbose  from  tbe  west  are 
of  lesser  magnitude,  tbe  Medicine  Bow  crest  being  only  from  tbree  to 
four  miles  west  of  mid- valley.  At  tbe  north  tbis  crest  is  a  sbarp  and 
ragged  ridge,  but  southward  it  becomes  (comparatively  even  and  rounded 
iu  outline,  a  massive  ridge,  falling  gradually  until  covered  witb  lake 
beds  near  tbe  junction  of  tbe  East  Fork  witb  tbe  Main  Grand.  The  east- 
ern valley  side  retains  its  ruggedness  all  the  way  to  the  East  Fork.  The 
principal  drainage  of  tbe  latter  area  is  that  collecting  into  Grand  Lake, 
and  is  by  a  system  of  the  ])rofoundest  mountain  canons. 

All  this  surrounding  mountain  region  is  of  tbe  arcbtean  rocks,  schists, 
and  gneisses.  Tlie  few  dips  and  strikes  that  I  had  opportunity  to  actu- 
ally observe,  together  with  the  impression  obtained  from  the  style  of 
weathering  of  the  rocks,  indicated  that  the  valley  might  be  a  great  syn- 
clinal, but  this  is  by  no  means  certain.  Tbe  apparent  appropriate  uni- 
formity of  form  and  slope  of  tbe  valley  sides  seems  hardly  a  product  of 
erosion,  but  as  if  the  general  surface  of  the  metamor[)hics  had  been  cov- 
ered, as  at  tbe  west,  witb  sedimentary  rocks,  perhaps  the  Cretaceous, 
and  as  if  all  bad  then  been  folded  together  to  form  an  anticlinal  over 
the  Medicine  Bow,  a  synclinal  in  the  Grand  Valley,  the  latter  j)rol)ably 
originally  determining  tbe  course  of  tbe  drainage,  and  hence  of  the 
greatest  erosion  which  has  since  removed  all  of  tbe  sediments,  but  not 
quite  yet  destroyed  tbe  general  impress  left  by  the  fold  upon  the  harder 
underlying  rock. 

All  the  main  portion  of  the  valley  is  occupied  by  a  mass  of  morainal 
matter,  (see  Fig.  9.)    Below  wbere  the  upper  cafiou  x)ortious  widen 
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into  the  flatter  valley,  the  bottom  becomes  a  swampy,  grassy  meadow, 
between  one  and  two  miles  broad.  Some  pretending  gueissic  masses  show 
roche-montonie  forms.  This  meadow  has  a  semicircular  border  at  the 
south,  where  it  is  limited  hy  a  not  very  prominent,  but  well-defined  termi- 
nal moraine,  a  a,  (see  figure.)  Below  this  is  a  great  mass  of  morainal 
matter,  ft,  with  a  well-defined  southeastern  border,  c  c,  indicating  a  medial 
moraine  lying  between  the  glacier  which  occupied  the  main  valley,  and 
that  from  the  Grand  Lake  canons.  The  northern  part  of  c,  and  themaiu 
portions  of  the  mass  ft,  are  thrown  into  piles  and  ridges  reaching  altitudes 
probably  300  or  400  feet  above  the  nieadows.  Its  surface  is  exceedingly 
uneven,  abrupt  depressions,  perhaps  60  feet  in  depth,  existing  here  and 
there  w  i  th  no  outlet,  while  the  general  tendency  of  tbe  ridges  is  across  the 
valley  in  semicircular  forms,  marking  the  stoppages  and  accumulation 
of  the  material  from  the  surface  of  the  slowly-retiring  glacier.  Several 
small  meadows  are  scattered  in  the  lower  portions  of  this  mass.  Tlie  trib- 
utary canons  of  Grand  Lake  also  contain,!  am  informed  by  Major  Powell, 
equally  strong  evidences  of  glacier  occupation,  both  in  their  erosion  and 
morainal  debris.  A  small  terminal  incloses  the  lower  end  of  Grand 
Lake,  while  the  lake  itself,  though  not  well  examined,  gave  the  impres- 
sion of  occupying  a  true  rock  basin  of  deep  ice  erosion.  From  the 
west  end  of  the  spur  just  south  of  the  lake  an  exceedingly  well  defined 
lateral  moraine  {(I)  commences,  and  extends  southward  nearly  two 
miles.  Though  probably  over  800  feet  high  where  it  leaves  the  spur, 
it  falls  uniformly  and  eveidy  to  its  end.  The  southern  end  of  ridge  c  is 
low  but  well  defined.  The  North  Fork  cuts  through  it  in  a  curious  man- 
ner, bending  back  northward  to  run  along  the  upper  side  of  the  termi- 
nal moraine,  (e  e;)  also  a  low  but  well-marked  ridge,  through  the  eastern 
end  of  which  the  united  streams  pass.  Below  is  a  meadow,  limited 
likewise  on  the  south  by  still  another  but  more  prominent  terminal 
moraine,  (//.)  The  eastern  end  of  the  latter  moraine  rests  against  a 
granite  mass,  w^hilo  a  small  meadow  lies  below  its  adjacent  portions. 
The  upf)er  end  is  rather  confused  with  smaller  side  moraines.  The  cen- 
tral portion  merges  almost  imperceptibly  into  the  irregular  morainal 
mass,  ((/,)  which  rises  in  low  rolling  hills  and  indefinite  border  from  the 
flat  terraced,  sage-brush  valley  m  at  the  south. 

All  those  morainal  masses  are  covered  with  a  scanty  soil  and  a  thick 
growth  of  pines.  The  latter  have  been  blown  down  in  all  directions, 
often  in  great  broad  swaths,  and  as  often  partially  burned,  rendering 
passing  directly  across  the  moraines,  without  resorting  to  the  little  open, 
marshy  meadows,  all  but  impossil)le. 

Good  exposures  of  their  rocky  contents  are  not  numerous.  So  far  as 
observed  the  boulders  seldom  retain  well-preserved  scratches,  much 
surfac(*  disintegration  having  taken  place.  Lideed,  such  is  the  general 
rule  with  all  the  glaciated  rock  masses  of  the  Rocky  Mountains.  The 
roehe  moatonee  form  is  frequent,  but  the  schists  and  granites  succumb 
early  to  surface  disintegration,  and  there  has  not  been,  as  at  the  East,  a 
boulder  clay  or  tuff  to  preserve  them  from  weathering.  It  is  rather  a 
curious  feature  that  the  (rrand,  instead  of  passing  through  the  lower 
portion  of  the  valley  occupied  by  the  morainal  mass,  (^,)  has  cut  a  canou 
through  the  higher  rolling  spur  of  hard  archaean  rocks,  (h.) 

The  East  Fork  of  the  Grand  commences  as  a  well-defined  open  gorge 
at  the  base  of  Arapaho  Peak,  and  running  about  north  25^  east  for 
nearly  six  miles,  it  gradually  swings  around  to  a  nearly  westwanl  course 
near  its  mouth.  Throughout  this  course  this  valley  is  exceedingly  well 
defined.  The  tendency  is  to  a  U  rather  than  a  V  form,  indicating,  as 
well  as  the  usual  scoring  of  the  rocks,  its  glacial  origin.    The  massive 
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and  rather  uniform  rocky  slopes  rise  on  the  north  to  the  rugged  mount- 
ain mass  of  Long's  Peak,  and  are  cut  by  several  deep  caiious,  while  on 
the  south  they  emerge  in  great  curves  with  the  smoother  and  more  pla- 
teau-like granite  mass  lying  on  that  side.    From  the  end  of  the  massive 
spur,  which  comes  down  over  this  canon  valley  between  two  and  three 
miles  from  its  mouth,  commences  a  great  glacial  moraine,  as  indicated 
at  (i  k)  in  figure.    It  is  at  first  several  hundred  feet  high,  and  presents 
a  most  rugged  and  uneven  surface,  with  great  irregular  depressions  and 
a  tendency  to  a  parallel  ridge  structure.    Enormous  boulders,  many  20 
feet  upon  a  side,  are  found  scattered  upon  its  surface,  while  here,  again,  a 
maze  of  fallen  timber  lies  around.    It  is  rather  singular  to  see  the  East 
Fork  cutting  a  rather  abrupt  passage  through  this  mass  at  a  point  where 
it  rises  perhaps  nearly  a  hundred  feet  above  the  stream  on  eitber  side, 
while  to  the  west  the  continuation  of  the  main  valley  on  to  the  Grand 
is  perfectly  free  from  obstructions,  the  soft  surface  soil  rising  but  little 
above  the  stream.    This  fact  would  seem  to  have  its  explanation  in  the 
explanation  of  another  singular  fact,  which  is,  that  the  main  Grand, 
rather  than  follow  the  main  open  valley  west  of  the  granite  mass  /,  has 
cut  a  rugged  canon  through  the  latter  as  indicated  in  the  figure.    It 
would  seem  as  if  originally  it  had  followed  the  former  course,  passing 
north  and  west  of  Ij  while  the  glacier,  reaching  to  {,  and  being  deflected 
northward  by  it,  had  a  terminal  moraine,  which  was  but  the  extension 
of  the  lateral,  the  glacier  stream  having  its  natural  outlet  northward 
through  it  at  some  i)oint  k.    Certainly  the  outlet  of  the  East  Fork  could 
never  be  at  fc,  if  the  original  course  of  the  Grand  wa«  through  i,  as  it  is 
now,  while  it  is  inconceivable  that  the  Grand  should  have  selected  the 
hard  aud  higher  spur  {,  in  which  to  cut  a  channel,  rather  than  the  low 
depression  occupied  by  soft  sedimentary  beds,  except  influenced  by  some 
abnormal  cause.  The  cause  that  would  seem  to  have  deflected  the  Grand 
from  the  main  valley  to  its  present  course  would  appear  to  be  the  flood 
of  lava  which  has  poured  down  from  the  region  between  Willow  and 
Stillwater  Creeks ;  (see  map  at  head  of  chapter,  Fig.  8.)    As  will  be  seen 
later,  many  of  the  hills  are  capped  with  remnants  of  this  lava,  while  at 
many  points  it  occurs  low  down,  as  if  occupying  former  stream  beds. 
These  remnants,  as  shown  in  the  figure  (9)  prove  that  this  lava  stream 
reached  to  the  granite  I,  and  occupied  as  high  a  level  as  it,  as  indicated 
by  the  table-topped  hill  near  by.    The  small  mass  of  lava  on  I  appears 
to  occupy  a  little  canon,  probably  that  of  a  stream  runniug  from  the 
granite  mass  on  the  south  across  /,  northwestward  to  join  the  old  course  of 
the  Grand. 

Thus  dammed  ofi*  by  the  flow  of  lava  the  accumulating  waters  rose  in 
a  lake,  and  esca[)ing  at  the  lowest  point  around  the  end  of  the  lava, 
gradually  wore  out  the  present  channel  through  the  granite.  At  that 
time,  the  waters  must  have  passed  through  the  channel  A;,  but  there  was 
probably  sufiicient  water  present  to  also  wear  the  outlet  between  the 
end  of  the  moraine  k  and  the  rock  /,  as  the  lower  portion  of  the  canon 
through  the  latter  was  slowly  cut.  If  this  explanation  is  the  true  oue, 
and  the  facts,  so  far  as  known,  adn)it  of  no  other,  this  lava  is  more 
i-ecent  than  the  older  glacial  phenomena.  Some  of  the  lava  near  by 
seems  even  still  younger  than  that  here  shown.  A  few  miles  farther 
down  the  Grand  a  small  sheet  rests  on  the  gentle  surface-slopes  of  lake- 
beds,  apparently  so  recent  that  erosion  has  not  yet  had  time  to  throw 
it  into  prominence  by  the  wearing  away  of  the  softer  beds  on  which  it 
rests. 

Another  point  seems  explained  by  the  action  above  described.  The 
small  area  w,  lying  between  the  Grand  and  Stillwater,  west  of  the  roll- 
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ing  hill  hj  and  south  of  the  morainal  mass  g,  is  occupied  by  loose  gravel 
deposits  covered  with  a  fine  dasty  soil,  which  occur  in  aflat  terrace,  ris- 
ing about  50  or  GO  feet  above  the  main  stream.  Near  the  center  of  this 
area  is  a  low  ridge  which  much  more  resembles  the  lake  deposits  farther 
down  the  Grand.  No  exposure  showing  the  actual  relations  between 
this  ridge  and  the  lower  terraces  was  observed,  but  the  general  im- 
pression received  was  that  the  former  was  the  older — a  hill  of  erosion^ 
surrounded  by  the  more  recent  terraces.  If  so,  the  latter  were  probably 
deposited  beneath  the  waters  of  the  lake  formed  by  the  dam  of  lava,  and 
filled  up  the  previously  eroded  valley  surface. 

The  Grand,  after  leaving  the  small  canon  throngh  the  granite  mass 
Ij  flows  out  into  a  flat  terraced  basin,  where  it  is  joined  by  Willow  Greek 
and  the  Frazier  Eiver,  and  which  forms  a  portion  of  the  most  interest- 
ing geological  region  of  the  park,  before  describing  which,  however,  we 
will  turn  to  the  drainage  basin  of  the  Frazier. 

THE  FBA2;iEB  BASIN. 

South  of  the  East  Fork  of  the  Grand  the  westward  mountain-slopes, 
as  has  been  previously  mentioned,  are  far  more  smoothly  contoured  and 
gently  molded  than  north  of  that  stream.  These  massive  slopes  fall  to 
the  area  about  the  junction  of  the  Frazier  and  Grand,  and  form  a  low 
northern  side  to  the  upper  Frazier  basin.  Southward,  the  lateral  ex- 
tension of  the  same  slopes,  which  retain  their  former  characters,  descend 
from  the  main  divide  and  form  the  east  side  of  the  basin.  Sweeping 
around  westward  they  fall  from  the  Berthoud  Pass  ridges  northwai'd  to 
its  southern  border.  The  western  border  of  the  basin  is  more  ridge- 
like, with  accompanying  hills ;  is  much  lower  than  the  east  and  south 
sides,  but  retaining  a  rather  even  top. 

The  James  Peak  group  stand  at  the  southeastern  comer  of  the  basin, 
Mount  Byers  at  its  southwestern  corner.  The  natural  outlet  of  this 
basin  is  at  the  northwest  corner,  where  the  surrounding  granite  ridge 
rises  scarcely  300  feet  above  the  river  in  a  broad  gentle  divide,  passing 
over  into  the  basin  of  the  Grand,  and  across  which  the  Berthoud,  James 
Peak,  and  South  Boulder  trails,  after  uniting,  pass  to  the  Hot  Springs. 

The  Frazier,  however,  has  cut  its  outlet  by  a  rugged  and  impassable 
canon — about  six  miles  long  and  several  hundred  feet  deep — through 
the  spur  of  metaraorphic  rocks  a  few  milf^s  east  of  this  divide.  All  of 
these  surrounding  mouu tain-slopes  are  of  the  metamorphic  crystalline 
archaian  rocks.  Their  contours  seem  to  indicate  a  surface  of  former 
subaqueous  denudation,  covered  subsequently*^  with  sedimentary  rocks, 
which  have  not  so  very  recently  been  entirely  eroded  away,  leaving 
their  impress  still  on  the  underlying  rock  surfaces.  Indeed,  some  ap- 
pearances upon  the  western  side  of  the  basin  would  seem  to  indicate 
that  patches  of  such  sedimentary  rocks  may  still  remain,  though  they 
were  not  visited.* 

Glacial  action  alone  could  never  have  effected  such  wide-spread  uni- 
formity of  character. 

All  the  flat  lower  central  portions  of  this  basin,  forming  an  area  ap- 
proximately five  miles  in  diameter, ^are  occupied  by  seclimentary  rocks 
which  have  been  eroded  into  distinct  "though  low  terraces.  The  dis- 
tribution of  trees  is  here  quite  marked,  being  confined  to  the  granite 
slopes,  and  apparently  to  above  a  certain  level  on  the  higher  terraces, 

*  Major  Powell  informs  me  that  he  found  some  small  areas  of  silioeoQS  sandstones, 
probably  Cretaceous  No.  1,  thus  resting  on  both  sides  of  the  western  ridge  of  the  Fra- 
zier basin. 

11  a  s 
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thongh  tlieso  pine-covered  areas  may,  in  part,  be  granite  bosses  rising 
above  the  surrounding  beds.  All  the  lower  terraces  and  bottoms  are 
free  from  timber.  Between  the  terraced  filling  may  still  exist  remnants 
of  the  sedimentary  rocks  which  probably  originally  filled  the  basin. 
The  only  sedimentary  rocks  examined,  however,  were  along  its  northern 
border.  East  of  where  the  Frazier  River  enters  its  canon,  and  along 
the  stream,  followed  by  the  Boulder  Pass  road,  there  are  a  few  exposures 
which  the  stream  has  cut  out  of  the  adjacent  terraces.  One,  about  a 
mile  east  of  the  canon  mouth,  is  between  60  and  80  feet  high,  and  is 
composed  of  light-drab  sandy  beds,  weathering  white,  from  four  to 
eighteen  inches  thick,  mostly  somewhat  indurated;  considerable  clayey 
sand,  and  some  lenticular  bodies  of  gravel.  Pebbles  in  the  latter  are  of 
gneissic  and  granitic  rocks,  reaching  two  inches  in  diameter.  Some  of 
the  sand  is  quite  fine,  with  scattered  pebbles,  and  some  layers  of  grains 
of  chalcedonic  or  agate-like  quartz. 

The  dip  of  all  is  from  5^  to  10^  to  southwest.  This  branch  of  the 
Frazier  Kiver  lies  mostly  in  these  beds,  but  at  a  few  points  near  the 
granites  on  the  north  it  cuts  through  little  southward-projecting  points 
of  the  latter  which  are  surrounded  by  the  sediments.  The  lower  river 
terraces  have  much  sage  brush  sprinkled  over  them.  In  the  northwost- 
^m  corner  of  the  basin,  from  two  and  a  half  to  three  miles  west  of  the 
canon  entrance,  the  low  hill-slopes  near  the  road  show  some  dull,  dark, 
somber,  brown-colored  sandstones  of  coarse  texture,  which  dip  8^  or  JO^ 
to  the  southwest.  They  are  at  first  composed  mostly  of  quartz  and 
fieldspar,  with  some  mica,  debris  from  the  surrounding  metamoiphic 
rocks;  but  farther  on  small  pieces  of  red  and  whitish  sandstone  occur, 
growing  larger  as  one  advances,  till  frequently  one-half  to  one  in<th  in 
diameter,  and  usually  brecciated  rather  than  rounded.  They  are  prob- 
ably derived  from  the  hard  sandstones  of  Cretaceous  No.  1,  which  occur 
farther  on,  and  show  that  these  beds  of  the  Frazier  do  not  belong  to 
the  older  sedimentary  series  of  the  park,  while  their  general  characters 
indicate  that  they  are  very  recent,  probably  the  same  as  the  usual  lake 
beds,  and  derived  from  the  rocks  immediately  around.  The  fact  that 
these  recent  beds  incline  slightly  is  interesting. 

About  three  miles  from  the  canon  the  road  passes  from  these  beds  to 
the  smoothed  granite  region  of  the  low  divide,  and  passes  over  into 
another  portion  of  the  grand  drainage,  to  which  we  will  now  turn. 

THE  REGION  IN  THE   VICINITY  OF  THE  HOT  SPRINGS. 

The  region  that  will  next  attract  our  attention  is  shown  in  the  accom- 
panying map,  (Fig.  10,)  flie  relations  of  which  to  the  park  in  gouoral 
may  be  seen  by  glancing  at  tlie  general  map,  (Fig.  8.)  A  section  (A.  B) 
across  the  same  is  given  on  Plate  HI,  section  1,  which  shows,  also,  the 
character  of  the  country  lying  north  of  the  section. 

It  is  but  a  mile  or  two  after  leaving  the  sandstones  of  the  Frazier 
basin,  across  the  low  granite  divide  just  spoken  of,  to  where  the  road 
enters  the  lower  side  of  the  map.  It  soon  divides  the  right-hand  trail 
going  to  Grand  Lake,  the  left-hand  road  continuing  on  to  the  Hot 
Springs.  Following  the  latter  a  little  past  the  branching,  some  of  the 
recent  sandstones,  similar  to  those  just  left,  appear  upon  tl>e  granites, 
followed  by  a  small  ridge  of  a  hard  white  sandstone,  dipping  at  an 
angle  of  55*^  to  the  northwest.  The  exposure  is  small,  and  the  outcrop 
was  not  observed  extending  toward  the  hills  to  the  southwest.  Follow- 
ing along  the  exposure  over  the  ridge  to  the  northeast,  and  in  the  valley 
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followed  by  the  Grand  Lake  road,  a  better  cross-section  is  exposed  along 
the  road  as  follows : 

Section  of  Cretaceous  No.  1,  nenr  junction  of  Hot  Springs  and  Grand  Lake  roade,  entrance  oj 

Middle  Park. 


Nature  of  strata. 


Strike  about  north  20^  eaet,  dip  about  35°  norihwest. 

Doleritio  lava 

Covered 

Saurlstoue,  white  and  yellow,  fine,  gritty,  siliceous,  iron-stained 

Covered,  red  soil,  dehria  of  soft  brown  sandstone,  and  near  base  of  purple 

shale  and  some  limestone .; 

Sandstone,  massive,  white,  some  cream-colored,  red  blotches,  siliceouB, 

gritty 


Sred  soil, 
soil 
debris  of 


Covered' 

brown  sandstone  and  fine  cherty  limestone. 
Hidge  ;  white,  fine,  gritty,  siliceons  sandstone,  some  cream-colored  and  red. 

Covered,  red  soil,  (red  shaly  sandstones  f) 

Coarse  gray  grauit-e,  considerable  mica,  obscure  gneissic  structure.  Strike  ± 
north  35°  east,  dip  5(P-80o  southeast. 


Estimated 
thickness. 


Fat. 

15 
150 
125 

225 

80 

50 

150 

100 

100 

GO 


This  section  would  indicatea  thicknessof  about  athousand  feet  for  those 
beds,  and  affords  an  example  of  the  greater  thickness  which  I  suppose  the 
lower  Cretaceous  beds  occasionally  attain.  But  ten  miles  to  the  north- 
west, at  the  Hot  Springs,  a  thickness  of  only  about  3G()  or  400  feet  is  in- 
dicated, buttlie  same  general  characters  are  there  found  ashere.  Thelava 
forming  the  top  is  comi)osed  of  a  dull,  dirty  gray,  fine  granular  matrix, 
with  numerous  black,  quite  well-formed  crystals  of  augitc  scattered 
through  the  mass.  It  weathers  a  dirty  brown,  with  narrow  white  seams 
two  or  three  inclies  apart,  parallel  with  the  bedding,  and  speckled  with 
black  augite  crystals,  as  well  as  by  both  rusty  and  white-colored  spots. 
It  is  x>robably  a  dike  occupying  the  line  of  junction  between  the  hard 
sandstones  and  the  softer  Cretaceous  shales,  which  probably  occur  im- 
mediately above,  though  tiiey  are  not  here  exposed.  At  one  or  two 
other  points  in  the  park  the  weak  point  between  the  sandstones  of 
No.  1  and  shales  of  No.  2  have  afforded  a  very  natural  outlet  for  erup- 
tive matter,  and  such  is  probably  the  case  here.  After  passing  across 
this  section  the  Grand  Lake  road  leaves  the  stream,  and,  turning  to  the 
right  along  the  outcrop,  iia«ses  up  a  small  valley,  having  the  little  ridge 
of  dolerite  lava  on  the  right.  From  the  lava  ridge,  and  on  either  side 
of  the  main  stream,  is  a  steep  slope  rising  to  the  summit  of  a  terrace. 
The  channel  of  the  stream  passes  into  this,  cutting  a  sharp  V-shaped 
gorge,  the  east  side  of  which  rises  some  50  feet  higher  than  the  general 
level  of  the  west  side.  The  material  of  this  terrace  thus  cut  through 
by  the  stream  is  coai^so  angular  dihris^  of  highly  micaceous  schistose 
gneiss,  of  the  dirty-red  and  black-banded  variety,  and  some  granite. 
On  the  summit  some  large  masses  indicate  that  these  metamorphic 
ro(»ks  are  in  place.  These  facts  would  indicate  that  a  fault  had  been 
passed ;  one  which  had  thix)wn  the  outcrop  of  sandstone  just  described 
downward  on  the  southeast  side,  bringing  the  granite  upward  on  the 
northwest  side,  as  in  the  accompanying  section,  Fig.  11,  the  position  of 
which  is  shown  by  the  line  0  D,  Fig.  10. 

Passing  on  northwest,  the  coarse  dibris  terrace  is  found  to  fall  la 
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three  pretty-well  defined  steps  of  about  90, 140,  and  80  feet  respectively, 
to  a  stream,  on  the  opposite  side  of  which  is  a  low-terraced  treeless 
park,  about  three  miles  broad,  rising  in  rounded  slopes  to  a  ridge  capped 
with  a  broken  pallisade  beyond. 

On  the  left  (southwest)  the  terraces  abut  against  and  run  out  from  a 
hill  which  looks  off  in  the  same  valley,  and  on  its  northern  sides  lie  the 
same  sandstones,  dipping  northwestward  at  an  agle  of  35°  with  the  bed 
of  dolerite  lava  on  their  top  just  as  before.  See  section  E,  Fig.  10  and  Fig. 
11.  Low  terraces  abut  against  the  lava  and  run  out  occupying  the  valley 
basin  beneath  which,  however,  as  we  will  see  lateir,  lie  the  Cretaceous 
shales.  The  hill  and  region  lying  south  of  E  was  not  personally  ex- 
amined, and,  while  the  sandstones  may  mantle  over  it,  it  is  apparently 
of  granitic  rocks  as  indicated  on  the  map.  On  the  right,  also,  ar^d  a 
few  miles  in  an  opposite  direction  to  E,  similar  beds  may  be  seen  like- 
wise dipping  westward  beneath  the  main  valley. 

Keturning  to  the  Grand  Lake  road  and  following  it  northward,  it  is 
found  to  pass  over  into  the  hea<l  of  another  valley  leading  down  to  near 
the  mouth  of  the  Frazier  CaOon.  On  the  right  (east)  is  the  ridge  formed 
by  the  edges  of  the  sandstones  resting  on  granite  below,  and  dipping 
down  underneath  the  trail.  Near  the  Frazier  these  edges  overhang 
the  caiion  and  form  the  top  of  its  western  wall.  Beneath  the  valley 
through  which  the  road  passes,  however,  the  beds  are  flexed,  forming  a 
synclinal  of  the  valley  and  an  anticlinal  of  the  ridge  just  west  of  it,  (see 
section  1,  or  A  B,)  the  western  slope  of  which,  just  as  at  E,  dipping 
westward  beneath  the  terraced  valley.  The  mouth  of  the  Frazier  Canon 
is  through  the  ridge  of  upturned  sandstones,  after  which  the  valley  opens 
somewhat,  with  terraced  lake-beds  before  entering  the  main  valley. 
The  exposure  upon  the  west  side  of  the  canon  gave  the  following  section 
(at  B,  section  1,  Plate  III.) 

Section  of  No.  1  Cretaceous  at  the  mouth  of  the  Frazier  Canon. 


Nature  of  strata. 


Covered  hiU-slope,  iDclining  west,  facing  east,  dipping  west  into  hill  15°,  very 
compact,  bard  nLliceous  saudstoue,  uiosMy  white,  gri tty 

Covered  debris  of  brown  sandstone,  and  compact  bme-gray  limestone 

Sandstones,  reddish,  thin -bedded,  some  shales 

Compact  gray-bine  limestone,  somewhat  cberty,  blotched 

Sandstones,  in  2to5  feet  beds,  white  to  yellow  pink  shales 

Covered,  debris  of  snoff-colored  and  rust^  brown  sandstone 

Gray,  rather  grannlar  granite,  with  but  little  mica,  containing  very  large  scat- 
tered crystal  of  feldspar  to  river. 


Thick- 
ness. 


Feet, 

40 
80 
25 
2 
30 
85 


These  beds  are  probably  liable  to  considerable  local  changes,  both  in 
characters  and  thicknesses.  They  are  probably  the  same  as  a  portion  of 
the  lower  beds  of  the  preceding  section,  the  higher  ones  having  been 
here  swept  away  by  erosion,  and  being  found  west.  Grossing  the  Fra- 
zier northward,  station  LVIII  is  found  upon  a  hill  of  the  siliceous 
sandstones.  Its  surface  has  a  gentle  eastward  slope,  the  sandstones 
dipping  also  east,  but  curving  up  again  they  are  found  lying  as  usual 
on  the  granites,  thus  forming  a  little  synclinal.  The  upturned  edges  of 
these  sandstones  are  leveled  off  in  a  peculiar  way,  being  evened  off 
with  the  granites  behind  them.    (See  section  near  B.)    The  west  side  of 
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hill  LVIII  is  abrupt,  and  shows  in  ite  upper  portions  the  edges  of  the 
sandstones,  with,  at  the  base,  some  granite  and  gneiss  beneath  them, 
and  again,  just  west,  but  lying  low  in  the  stream,  some  of  apparently 
the  same  sandstones,  but  gently  inclining  west  In  other  words,  a  fault ' 
passes  at  the  west  base  of  LVIII,  in  which  the  east  side  has  been  ele- 
vated, and  which  is  probably  the  equivalent  of  the  anticlinal  just  south, 
and  the  fault  still  farther  south,  near  the  Hot  Spring  road. 

The  terraces  mantle  about  the  west  and  north  base  of  LVIII,  concealing 
its  sandstones  in  these  directions,  but  the  main  ridge  of  sandstones  rest- 
ing on  the  granites  continues  on  northward  to  the  Grand  Eiver.  The 
ridge  is  not  prominent — the  sandstones  dipping  steeper  tban  farther 
south,  reaching  450 — while  from  it  the  nearly  horizontal  lake- beds,  which 
reach  high  upon  it,  sweep  out  between  the  Grand  and  Frazier  Eivers  in 
many  long,  low  terraces.  The  ridge  of  Cretaceous  sandstones  is  lost  be- 
neath these  lake-beds  near  the  Grand,  where  the  latter  issues  from  its  short 
canon  through  the  granite  mass  below  where  theEastForkjoins  the  main 
stream  (I)  of  the  map  of  the  moraines  of  the  Upper  Grand.  Thesandstone 
ridge  does  not  appear  lying  on  this  granite,  the  lake  beds  surrounding  it 
instead.  At  the  north,  and  just  without  the  map  on  the  right,  are  the 
valley  of  the  Upper  Grand  and  the  south  end  of  the  Medicine  Bow 
ridge.  Near  Willow  Creek  and  the  Grand  the  lake-beds  predominate 
also.  The  north  side  of  the  Grand  is  lined  pretty  continually  with  two 
low  terraces  of  white  lake-beds  lying  from  a  quarter  to  a  half  mile  from 
the  stream,  the  country  rising  from  them  in  long  slopes,  and  rounded 
hills  lying  between  it  and  Willow  Greet.  A  fine,  dirty,  dark,  basaltic 
lava  lies  at  one  or  two  points  on  the  upper  terrace,  and  appears  also  to 
cap  the  hills,  while  much  of  the  terraces  are  covered  with  lava  fragments 
and  jaspery  pebbles.  The  small  patches  of  lava  near  the  mouth  of  Wil- 
low Creek  occur  but  little  above  the  stream,  and  seem  to  cap  low  sur- 
faces, dipping  gently  to  the  northeast.  East  of  these  the  larger  area 
near  the  edge  of  the  map  is  a  mesa,  or  table-hill,  capped  with  lava.  (See 
section.) 

Ascending  Willow  Creek,  the  beds  of  the  valley  are  apparently  of  the 
usual  lake-beds.  Where  the  dip  of  5°  east  is  indicated  there  occurs, 
among  light-gray  sandstones,  white  marls,  and  other  beds,  a  more  indu- 
rated bed  of  semi-oompacted  gravel,  in  the  composition  of  which  pebbles  of 
lava,  often  scoriaceous  and  uj)  to  lour  inches  in  diameter,  enter  largely, 
as  well  as  metamorphic  rocks.  W^hile  considerable  ialse  bedding  occurs, 
the  general  dip  seems  to  be  5°  or  10°  to  the  east,  a  little  north. 
Just  above,  in  some  similar  light-gray  crumbling  sandstones,  a  di))  of 
100-15^  northeast  was  observed.  While  the  hills  seem  lava-topped, 
much  basaltic  lava  here  occurs  in  the  valley  also.  At  first  a  tongue  of 
a  dark,  decomposing  irregular  lava  touches  the  river  from  the  north, 
but  above  the  river  is  lined  more  continuously  on  the  north  side  with  a 
very  irregular,  red,  brown,  and  black  lava  rock,  often  having  the  appear- 
ance of  a  consolidated  mud.  On  the  south,  the  rounded  hills  rise  more 
abruptly,  but  still  seem  lava-capped.  A  little  farther  up  the  lava  occu- 
pies both  banks,  and  appears  as  if  coming  from  an  extensive  flow  on  the 
north  and  east,  the  eastern  tongues  of  which  cap  ridges  running  out  to- 
ward Stillwater  Creek.  At  the  north  rise  hills  adjacent  to  the  Medi- 
cine Bow  ridge,  which  show  somewhat  in  the  section,  but  which  will  be 
referred  to  later. 

We  have  seen  that  between  the  Frazier  and  Grand  are  the  long,  low- 
terraces,  and  that  they  also  occupy  most  of  the  area  drained  by  the 
main  tributary  of  the  Lower  Frazier,  and  that  near  the  metamorphic 
rock,  at  one  or  two  points,  they  are  composed  of  coarse  d^brisy  with 
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some  fiuer  UDCompacted  sediments.  Farther  out  they  are  of  soft, 
crumbliDg,  white  mar]»,  with  suifaces  usually  spriukled  with  bould- 
ers, ofteu  quite  large  pieces  of  metamoq)hic  rocks,  as  remuants  of  a 
bed  which  had  existed  above  the  present  surfaces,  and  had  been  eroded 
away.  It  was  in  this  neighborhood  that  the  following  section,  Fig.  12, 
was  observed  and  illustrated  by  Mr.  Holmes,  when  accompanying  Dr. 
Hayden-s  party,  and  shows  well  the  characteristic  weathering  of  these 
soft  beds  when  exposed,  as  sometimes  happens,  in  a  clitf.  Here  also  is 
an  inclination  in  these  recent  beds  of  10°  to  the  east.  Thus,  a  greater 
))art  of  the  eastern  corner  of  the  map  is  of  lake-beds,  in  part  covered 
with  basaltic  lava,  and  at  the  east  abutting  against  an  outcropping  fold 
and  ridge  of  Cretaceous  sandstones,  which  dip  west  beneath  them,  and 
rest  on  metamorphic  rocks.  They  form  a  flat  terraced  and  treeless  val- 
ley, but  at  the  north  and  west  rise  in  higher  bulky  hills.  Just  west  of 
the  junction  of  the  Frazier  with  the  Grand  rises  an  abrupt,  sharp,  well- 
defined  ridge,  several  hundred  feet  high,  which  is  broken  through  by  the 
river  in  a  narrow  gate- way.  Just  outside  of  this  gate- way,  at  the  north 
side  of  the  stream,  and  directly  beneath  the  ridge,  there  are  exposed  by 
the  ravines  cutting  through  the  terraced  lake-beds,  a  thickness  of  about 
300  feet  of  brown  concretionary,  friable  sandstones — the  characteristic 
features  of  Cretaceous  No.  5— and  which  yielded  an  Lwceramus  and 
joints  of  BacuUtes, .  These  beds  dip  westward  beneath  the  ridge  at  an 
angle  of  25°.  The  gate-way  exposes  the  larger  ridge  to  be  composed  of 
a  rough,  sedimentary  aggregate  of  volcanic  material ;  a  series  of  con- 
glomerates, breccias,  sands,  and  irregular  material,  of  which  the  most 
distinct  rock  is  of  a  doleritic  character,  consisting  of  a  gray  granular 
base,  containing  occasional  small  crystals  of  a  trichinic  feldspar,  and 
more  numerous,  larger,  and  well-defined  crystals  of  augite.  This  more 
compact  portion  is  a  similar  rock  to  the  lava  dike  resting  in  the  siliceous 
sandstones  near  the  entrance  of  the  park. 

This  volcanic  detrital  seiies  attains  an  estimated  thickness  of  from  800 
to  000  feet ;  the  lower  i)art  being  a  massive  accumulation,  and  not  show- 
ing distinct  stratification,  the  upper  part  being  well  bedded,  and  often  of 
line  materials.  These  strike  nearly  north  and  south,  and  dip  westward 
at  an  angle  of  60o,  though  the  higher  portion  of  the  ridge  on  the  south 
shows  an  abrupt  bend,  dipping  but  25^  or  30^  w*e8t,  (see  section.) 

Passing  downstream  through  this  gate-way,  the  valley  again  opens 
out,  but  its  character  changes  entirely.  The  beds  that  lie  above  the 
doleritic  breccia  and  sands,  though  likewise  abruptly  turned  up  and 
dipping  west  immediately  adjacent  to  them,  suddenly  become  nearly 
horizontal,  with  a  gentle  northern  dip,  and  form,  all  along  the  north 
side  of  the  Grand,  a  series  of  regular  and  high  terraces  running  in  long 
tongues  out  toward  the  river. 

There  are  two  principal  terraces,  the  lower  one  rising  nearly  a 
thousand  feet,  and  attaining  this  level  between  one  and  two  miles  back 
from  the  river.  Harder  beds  on  its  face  break  up  the  front  slope  of  this 
terrace,  tending  to  mold  its  face  into  minor  terraces  two  or  three 
hundred  feet  high. 

The  second  terrace  stands  about  a  half  mile  back  from  the  edge  of 
the  lower  one,  and  rises  in  a  more  even  slope,  unbroken  by  intermediate 
beds,  to  an  altitude  of  about  a  thousand  feet  above  it.  The  accom- 
panying section,  Fig.  13,  gives  an  idea  of  the  profile  of  these  well-marked 
terraces,  which  attract  attention  even  from  Long's  Peak  far  to  the  east. 

Back  a  few  miles  rises  still  another  terrace,  estimated  at  about  half 
the  height  of  the  last  one,  or  about  500  feet.  Estimating  that  there 
were  at  this  point  about  100  feet  of  beds  beneath  the  river,  and  be- 
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tween  it  and  the  volcanic  breccia,  there  occurs  here  a  thickness  of  about 
2,700  feet  of  sedimentary  rocks  lying  above  the  breccia  bed.  The  ravines 
from  thenorth  cat  deepinto  these  terraces,  breaking  them  up  into  promon- 
tories with  squarish  fortification-like  fronts  facing  the  river.  Upon  the 
south  side  of  the  river  these  features  are  far  less  defined,  and  here  only 
thelowerand  softer  beds  occur,  while  the  northward  dip  increases.  The 
valley,  after  passing  the  brec<jia  bed,  is  quite  open,  the  river  being  lined 
with 'much  beautiful  bottom-land.  Below  the  gate- way  some  of  the  lava 
appeared  to  outcrop  low  down  near  the  river,  but  its  relations  were  not 
examined. 

These  terraced  beds  are  of  the  characteristic  lignitic  group,  and  are 
very  difl'erent  lithologically  from  the  undoubted  Cretaceous  beds  lying 
below  the  breccia.  Nearly  all  the  exposures  here  show  them  to  bo  sand- 
stones, the  more  prominent  ones,  or  those  which  give  the  terrace-form 
to  the  eroded  beds,  being  mostly  grits,  quite  coarse,  often  becoming  con- 
glomerate, not  very  firmly  cemented,  and  composed  almost  wholly  of 
granitic  and  metamorphic  debris,  (except  that  the  mica  is  naturally  ab- 
sent,) while  feldspar  crystals,  sometimes  retaining  much  of  tbeir  form, 
occur.  The  color  is  mostly  somber  dark  brown,  though  some  are  quite 
white.  Some  finer  and  more  compact  beds  occur,  with  occasional  fossil 
leaves. 

In  descending  the  Grand,  the  terraced  beds  on  either  hand  are  found 
to  become  slightly  inclined  to  the  northeast,  amounting  i)erbaps  to  about 
10o,.the  river  thus  passing  down  through  the  lower  beds  as  before  it 
passed  up  through  these,  until  at  about  four  miles  in  a  straight  line 
from  the  upper  gate- way,  another  and  somewhat  similar  passage  is  found 
by  which  the  river  again  breaks  through  a  ridge  of  precisely  the  same  ma- 
terial as  before.  It  is,  in  fact,  the  same  bed  again  appearing  to  view  from 
beneath  the  same  lignitic  sandstones,  the  strike  being  about  northwest 
and  southeast,  but  the  dip  about  15^  to  the  northeast,  the  bed  there- 
fore being  folded  into  a  synclinal  form,  the  east  side  being  bent  down- 
ward more  abruptly  than  the  western  side.  As  before  much  of  this 
series  is  massive,  or  wholly  indefinitely  bedded,  and  some  compact  lava 
occurs,  as  if  of  distinct  lava-flows.  The  latter  seems  to  be  dolcritic, 
crystals  of  augite  being  quite  frequent,  though  some  is  more  basaltic, 
being  fine,  and  quite  homogeneous.  Most,  however,  is  of  a  distinct 
conglomerate  and  breccia,  some  very  coarse,  of  pebbles  like  the  accom- 
panying lava,  many  scoriaceous,  while  much  is  of  fine  material,  finely 
and  evenly  bedded.  Their  total  thickness  was  estimated  at  about  800 
feet  at  this  point.  The  accompanying  sketch.  Fig.  14,  of  an  exposure 
about  half  a  mile  north  of  this  gate- way  was  made  by  Mr.  Ilolmes, 
and  shows  the  distinct  bedded  nature  of  this  volcanic  ash,  &c. 

THE  NONCONFORMITY  AT  THE  HOT  SPRINGS,  MIDDLE  PARK. 

Passing  through  the  short  break  by  which  the  stream  cuts  through 
this  ridge,  the  western  edges  of  its  gently  eastward-dipping  beds  are 
found  extending  northwest  and  southeast  as  a  continuous  line  of  black 
palisades  which  look  dow^n  upon  valleys  tributary  on  either  side  of  the 
Grand,  that  at  the  south  being  wider  and  flatter  than  the  one  Irom  the 
north. 

Regarding  for  a  moment  the  section  found  immediately  along  the 
Grand,  (see  Plate  III,  section  1,)  there  appears  above  the  alluvium  on  the 
north  side  of  the  stream,  and  a  little  west  of,  and  nearly  parallel  to,  the 
breccia  ridge,  a  hog-back  like  ridge  of  sandstones  which  dip  at  an  angle 
of  250  or  300  northeast  below  the  breccia.    Some  baculites  were  found 
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in  tlie  Randstones  which  are  imdoabtedly  the  equivalents  of  the  beds  that 
bear  similar  fossils  and  lie  below  the  breccia  east  of  the  upi>or  gate- way, 
and  near  the  junction  of  the  Grand  and  Frazier.  It  is  Cretaceous  No.' 5. 
This  ridge  extends  a  mile  or  more  from  the  river,  gradually  flattening  and 
bending  westward.  Following  down  the  stream,  nothing  but  river  allu- 
vium is  found  for  nearly  a  mile,  wlien,  along  its  southern  bank  beneath  the 
alluvium,  there  are  exposed  some  800  feet  of  black  clay,  shales,  and  slates, 
at  first  dipping  up-stream  only  20°,  but  increasing  to  40o  farther  down. 
After  passing  these  slates  the  river  breaks  through  another  ridge,  but 
this  time  of  the  quartzite  and  siliceous  conglomerates  rising  out  from  be- 
neath the  shales,  and,  like  them,  dipping  30o  up-stream.  Behind  the  first 
ridge  some  small  longitudinal  valleys,  with  minor  ridges  of  quartzite  and 
siliceous  conglomerates  with  dip  lessening  to  20^  occur,  while  from  COO  to 
700  feet  below,  where  the  quartzite  hog-back  is  first  met,  the  river  passes 
into  a  canon  cut  in  a  smooth-topped  mass  of  reddish  granitic  gneiss,  thus 
giving  an  actual  thickness  for  the  quartzite  series  of  about  360  feet. 
These  beds  are  the  Cretaceous  No.  1,  the  shales  above  being  No.  2,  while 
directly  on  the  line  between  the  two  issue  the  well-known  Hot  Sulphur 
Springs  of  the  Middle  Park. 

From  the  granite,  upon  the  eastern  edge  of  the  map,  to  the  granite 
below  the  'Hot  Springs  itpon  the  western  edge,  the  line  of  the  Grand 
Eiver  passes,  therefore,  directly  across,  at  least  so  far  as  the  granites. 
the  Cretaceous,  and  the  volcanic  breccia  bed  are  concerned,  a  synclinal 
fold,  the  eastern  side  of  which  has  some  minor  flexures,  (see  section.) 
Not  so  the  lignitic  beds,  however.  Immediately  above  the  Hot  Springs, 
Mount^Bross  rises  abruptly  for  over  1,500  feet.  It  is  composed  through- 
out of  the  characteristic  lignitic  beds,  mainly  coarse  grits  and  sand- 
stones, yellow,  gray,  and  ^hite,  with  laminated  arenaceous  shales, 
which  contain  many  fossil  leaves,  barely,  if  any,  disturbed  from  a  hori- 
zontal position.  Though  direct  contact  between  these  and  the  Creta- 
ceous in  the  river  at  their  base  was  not  observed,  the  position  of  the 
mountain  is  such  that  its  beds  must  rest  unconformably  upon  the  up- 
tui^ned  and  eroded  edges  of  the  Cretaceous  sandstones  and  shales  below. 
As  may  be  seen  in  the  section,  the  tops  of  the  great  terraces  above  the 
lower  gate-way  of  the  Grand  sweep  in  long  slopes  up  to  White  Face 
Mountain,  which  is  also  composed  of  the  lignitic  beds,  slightly  inclined 
and  capi)ed  with  recent  basaltic  lavas,  which  will  be  spoken  of  later. 
The  southern  face  of  the  mountain  is  steep,  and  beneath  it  the  north- 
west extremity  of  the  breccia  ridge  disappears.  Around  the  latter 
appear  to  sweep  the  lignitic  beds,  and  to  connect  directly  by  a  high 
ridge  the  west  spur  of  White  Face  with  Mount  Bross,  throughout  which 
ridge  the  lignitic  strata  appear  nearly,  if  not  quite,  horizontal.  The 
western  end  of  the  hog-back  like  ridge  of  No.  5  sandstone,  about  a  mile 
above  the  Hot  Springs,  likewise  seems  to  disappear  beneath  the  eastern 
side  of  Mount  Bross,  apparently  surrounded  by  its  horizontal  beds,  as 
is  the  end  of  the  breccia  ridge  by  the  similar  beds  of  the  White  Face 
mass.  Mount  Bross  itself  shows  an  indistinct  terrace  form,  though  not 
well  pronounced,  and  its  lower  terraces  in  the  west  run  out  and  api)ear 
to  quite  cover  the  quarizites  of  No.  1,  if  not  to  reach  to  and  rest  directly 
upon  the  granites  beyond. 

These  facts  clearly  show  that  here  was  a  local  folding  of  the  rocks 
which  occurred  before  the  lignitic  formation  commenced  to  be  laid  down, 
and  probably  close  upon  the  completion  of  the  deiwsit  of  the  friable  and 
concretionary  sandstones  which  have  been  designated  as  No.  5.  Closely 
connected  with  this  folding,  and  probably  an  effect  of  the  same  cause, 
was  tUe  eruption  of  the  material  which  forms  the  breccia-bed. 
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As  the  Hot  Spring  fold  gradually  rose,  the  edges  of  the  Cretaceous  and 
of  the  breccia  must  have  been  eroded  back  to  where  the  latter  was 
nearly  horizontal,  before  the  lignitic  beds  were  deposited  npon  their 
edges.  This  state  of  things  is  shown  in  the  following  diagram,  Fig.  15, 
in  the  western  end  of  which,  near  the  springs,  the  dips  are  as  they  now 
exist,  indicating  the  flexnre  to  be  as  shown  by  the  dotted  lines: 

Since  the  Eocene  beds  in  and  on  the  west  side  of  the  breccia  synclinal 
are  inclined  eastward  with  the  breccia  slightly,  some  movement  must 
also  have  taken  place  since  their  deposition.  This  probably  occurred  at 
the  same  time  that  the  eeist  side  of  the  synclinal  was  upturned,  which 
obviously  took  place  after  the  lignitic  period,  for  upon  this  side  the  lig- 
nitic beds  are  everywhere  upturned  steeply  with  the  breccia  and  Creta- 
ceous below.  This  waa  at  the  great  mountain-forming  period,  when  the 
greatest  recent  folding  of  the  Rockies  occurred.  It  was  at  this  time, 
probably,  that  the  rocks  of  No.  5,  as  shown  in  the  hog-back  ridge  above 
the  Hot  Springs,  were  inclined  from  a  flatter  dip  to  their  present  dip  of 
250  or  300,  while  this  later  fold  seems  to  be  also  indicated  by  a  very 
gentle  anticlinal  appearance  beneath  White  Face  Mountain. 

Let  us  turn  to  the  evidence  of  this  unconformability  between  the  Cre- 
taceous and  lignitic  south  of  the  Grand  Eiver.  The  Grand  flows  close 
to  the  southeast  base  of  Mount  Bross.  On  the  south  side  of  the  river 
there  is  no  corresponding  eminence,  the  tributary  from  that  side  of  the 
stream  occupying  a  rather  flat  and  open  valley.  The  edges  of  the 
breccia  ridge  line  this  valley  on  the  northeast,  and  following  them  along 
they  are  found  to  swing  eastward  and  then  northward,  joining  the 
southward  extension  of  the  upper  breccia  ridge  of  the  Grand.  In  other 
words,  the  breccia  outcrop  is  continuous  throughout,  showing  the  fold 
to  be  a  synclinal,  with  its  axis  dipping  northwest,  thus  exposing  the 
edges  of  the  bed  in  the  form  of  a  great  spoon,  with  the  point  directed 
southeastward,  and  filled  with  the  lignitic  beds  in  terrace  form,  the 
eastern  side  being  bent  up  much  steeper  than  the  western  one.  The 
map  shows  this  clearly,  while  it  is  far  better  presented  pictorially  in  the 
accompanying  sketch.  Fig.  16,  made  by  Mr.  Holmes  from  points  upon 
Mount  Bross.  The  terraces  and  breccia  palisades,  with  the  many  pic- 
turesque accessories  of  the  region,  as  seen  from  this  point,  form  a  very 
interesting  as  well  as  beautiful  view. 

Thus  the  lignitic  beds  do  not  lap  over  and  cover  the  edges  of  the 
breccia  south  of  the  river  as  they  do  between  Mount  Bross  and  White 
Face  south  of  it.  South  of  the  valley,  and  opposed  to  the  breccia  palis- 
ades, however,  the  lignitic  again  occurs,  the  edges  of  the  nearly  horizon- 
tal beds  appearing  on  the  rather  steep  slopes  leading  up  to  station  LIV. 
From  this  point  the  spurs  of  the  LIV  ridge  extend  westward  toward 
the  granite  caiion  below  the  Hot  Springs,  showing  very  indistinct  terrace- 
forms,  but  suflScient  to  indicate  a  very  nearly  horizontal  bedding 
throughout.  In  the  valley,  at  their  northern  base,  and  southeast  of  the 
springs,  however,  are  two  or  three  ridges  of  cretaceous  sandstones  out- 
cropi)ing  from  the  otherwise  soil-covered  valley.  These  dip  eastward 
toward  the  breccia  ridge,  and  trend  toward  the  lignitic  mass  on  the  south 
in  such  a  way,  and  approach  so  near  to  it,  that,  though  no  direct  con- 
tact was  seen,  they  must  pass  unconformably  beneath  it,  (see  sketch.) 
Two  or  three  miles  west  of  these  ridges,  and  nearly  a  mile  west  of  where 
the  quartzites  of  No.  1  would  appear  to  pass  the  lignitic  beds,  and  b«t 
little  south  of  the  caiion,  the  western  extension  of  the  LIV  mass  shows 
the  characteristic  coarse  brown  sandstones  of  the  lignitic  in  a  precipice 
two  or  three  hundred  feet  high,  dipping  1(P  or  12^  to  the  south.  These 
sandstones  most  here  rest  din^ctly  on  the  granite. 
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What  appeared  to  indicate  nnconfonnability  occurred  at  one  otber 
point  Leaiing  the  Hot  Springs  and  following  the  road  southeastward, 
we  pass  over  a  gentle  saddle,  having  the  breccia  palisades  on  the  left, 
and  the  lignitic  rising  to  LIV  on  the  right,  and  proceed  on  to  where  the 
road  first  enters  the  portion  of  the  park  thatiWe  have  been  considering. 
Standing  upon  the  outcropping  ridge  of  Cretaceous  quartzites,  E,  before 
described,  audJooking  sonthwestward,  there  lies  on  the  left  ahilly  region, 
apparently  of  the  metamorphic  rocks,  and  upon  the  right  the  llattish 
valley  occupied  mainly  by  terraced  lake-beds.  Across  the  line  of  vision 
extends  the  ridge  on  the  northern  end  of  which  station  LIV  stands. 
From  the  station  the  top  of  the  ridge  lowers  very  slightly  in  going  south 
in  a  long  convex  curve,  rising  in  about  six  miles  to  a  somewhat  higher 
point.  The  whole  east  face  of  this  ridge  is  steep,  and  shows  the  edges 
of  the  lignitic  beds  which  compose  it,  and  which  dip,  like  the  top,  very 
gently  south  at  the  north  end  and  north  at  the  south  end. 

At  the  small  notch  which  ends  this  part  of  the  ridge  at  the  south, 
the  contour  of  the  ridge  changes,  and  all  the  rest  of  the  way  on  up  to 
Mount  Byers,  of  ;(^hich  it  is  a  continuation  and  spur,  it  appears  to  be  of 
the  metamorphic  rocks.  In  the  line  of  vision,  however,  at  the  base  of 
this  ridge,  and  near  where  the  lignitic  ^appears  to  rest  on  the  metamor- 
phic, is  a  small  ridge  like  the  ridge  E,  and  apparently  of  the  same  rock 
outcropped  in  the  same  manner.  If  so,  the  Cretaceous  quartzite  would 
here  also  pass  unconformably  beneath  the  but  slightly -disturbed  lignitic 
beds.  I  have  already  expressed  the  uncertainty  of  the  nature  of  the 
hills  lying  southeast  of  the  point  last  mentioned  and  E,  and  border- 
ing the  west  side  of  the  Frazier  basin.  Some  ridges  here  are  not  decid- 
edly of  metamorphic  outline,  but  may  contain  patches  of  the  Cretaceous 
quartzites  with  which,  as  before  remarked,  the  contour  of  the  spurs  would 
indicate  that  they  were  once  all  covered. 

In  the  low  region  near  the  point  of  the  breccia  "  spoon,"  and  near  E, 
are  a  few  small  hills  or  ridges  of  doleritic  lava,  like  that  comi)osing  the 
breccia  bed.  They  appear  irregular  in  their  mode  of  occurrence,  not 
bedded,  but  more  like  dikes.  Precisely  the  same  lava  has  been  men- 
tioned as  occurring  on  the  summit  of  the  Cretaceous  quartzites  in  sections 
C,  D,  and  E.  It  would  appear  as  if  these  were  quite  likely  the  points  of 
outlet  for  the  material  which  composes  the  breccia  bed  5  that  above  them 
at  the  then  surface  of  the  country  were  actual  rents,  possibly  volcanoes, 
from  which  issued  the  lava  and  ash  and  breccia  which  now  lie  between 
the  Cretaceous  and  lignitic  beds.  If  so,  these  rents  have  been  most 
completely  swept  away  by  erosion,  part  of  which  -quite  probably  taking 
place  immediately  after  the  deposition  of  the  main  portion  of  the  bed, 
and  before  covered  with  the  lignitic  beds,  for  some  of  the  lower  lignitic 
beds  in  the  breccia  "  si)oon '^  contain  volcanic  debris  along  with  their 
usual  metamorphic  constituents.  Moreover,  the  breccia  thins  in  going 
northward,  the  thickness  w^here  it  crosses  Willow  Creek  being  less  than 
where  it  crosses  the  Grand. 

WILLIAMS  BrVEB  VALLEY. 

From  the  western  side  of  the  lignitic  portion  of  the  LIV  ridge,  its 
indistinctly-terraced  spurs  appear  to  break  off  indefinitely  into  the  val- 
ley of  Williams  River,  but  whether  the  beds  dip  gently  down  beucath 
the  lake-beds,  which  occupy  all  the  lower  parts  of  this  valley,  was  not 
ascertained. 

The  Grand,  after  cutting  an  irregular  canon  through  the  flat-surfaced 
granite  mass  below  the  Hot  Springs,  enters  this  lake-bed  region  about 
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four  miles  below  the  Springs.  These  extend  in  broad  terraced  surfaces 
far  up  the  Williams  River  Valley,  forming  all  the  flat  lower  and  treeless 
portion  of  the  valley.  The  southern  and  eastern  borders  of  the  valley 
appear  to  be  wholly  of  metamorphic  rocks,  which  rise  in  massive  spurs 
and  slopes  to  the  Mount  Byers  ridge;  and  though  the  upper  canons  of 
this  drainage  cut  deeply  into  these  rocks,  a  uniformity  of  contour  is 
pretty  well  preserved  among  the  great  spurs.  Though  not  examined 
directly,  some  appearances  on  the  eastern  border  of  this  valley  seem  to 
indicate  the  presence  of  the  lower  Cretaceous  beds  resting  on  the  arch- 
ajau  rocks.  The  western  side  of  the  valley  is  of  the  lignitic  beds  which 
coni;»ose  the  Williams  Eiver  Mountains,  and  which  dip  gentlj'  north- 
easiward  and  probably  beneath  the  lake-beds  of  mid- valley.  At  the 
south  a  great  north  and  south  fault  occurs,  in  which  the  west  side  has 
dropped  several  thousand  feet,  leaving  the  metamorphics  on  the  east 
and  the  lignitic  on  the  west.  The  fault  probably  dies  out  in  coming 
north.  It  will  be  referred  to  more  in  detail  when  speaking  of  the  geol- 
ogy of  the  Blue  Eiver  Valley.  The  details  of  the  Williams  Eiver  Valley 
were  not  studied. 

THE  NORTHERN  LIGNITIC  AREA. 

The  lignitic  beds  which  have  been  described  as  occupying  the  *•  brec- 
cia basin  ^  above  the  Hot  Springs,  and  as  lying  uncouformably  upon 
its  western  arm  as  well  as  upon  the  Cretaceous  below  in  the  nearly  hori- 
zontal beds  of  Mount  Bross,  spread  out  in  their  northern  extension,  and 
form  the  greatest  continuous  area  occupied  by  any  one  geological  forma- 
tion expressed  upon  the  map,  except  that  covered  by  thcarchaian  rocks. 
Throughout  this  area,  except  along  its  eastern  edge,  the  rocks  are  but 
veiy  slightly  disturbed,  their  inclination  being  generally  less  than  ten 
degrees  and  being  in  vaiious  directions,  though  mostly  northward. 

Though  the  region  as  a  whole  is  one  of  elevation,  its  surface  is  uneven 
and  rises  in  four  principal  masses,  which  stand  high  above  the  interme- 
diate country.  This  unevenness  is  due  wholly  to  the  erosion  having 
eaten  farther  down  into  the  mass  of  nearly  horizontal  bods  in  certain 
areas  than  in  others,  and  this  erosion  has  been  thus  directed  along  these 
channels  by  the  intrusion  of  eruptive  rocks  rather  than  by  more  pro- 
found structural  causes,  as  folding,  &c.  The  southernmost  and  lowest 
of  these  four  elevated  points  is  the  White  Face  and  Coral  Peak  mass, 
lying  a  few  miles  north  of  the  Hot  Springs,  which  has  withstood  erosion 
better  than  the  surrounding  country,  and  hence  retained  its  elevation 
in  virtue  of  the  protective  cap  of  hard  basaltic  lava  which  here  covers 
the  softer  lignitic  sandstones.  The  divide  between  the  middle  and  north 
parks  is  also  naturally  elevated,  but  it  attains  special  height  at  two 
points :  one.  Park  View  Peak,  which,  though  higher  than  any  of  the 
others,  is  composed  of  a  smaller  mass,  and  hence  has  more  abrupt  slopes; 
and  another,  the  great  mesa-like  mountain  mass  lying  west  of  the  Park 
View,  and  between  the  head- waters  of  the  Troublesome  and  the  Muddy. 
This  latter  elevation  is  due  to  a  great  capping  flood  of  basaltic  lavas 
covering  the  lignitic,  while  Park  View  and  the  divide  adjacent,  though 
having  no  lavacap,  is  intersected  by  great  dikes  of  porphyritic  tra- 
chyte, which  give  to  it  its  sharpness  as  compared  with  the  other  and 
lava-capped  masses.  The  fourth  elevated  mass  of  lignitic  strata  is  the 
high  and  exceedingly  even-topped  ridge  which  is  almost  completely  sur- 
rounded by  Willow  Creek  and  its  principal  eastern  branches.  Though 
unvisited,  this  ridge  api>eared  to  be  caused  less  by  the  presence  of  erup- 
tive rock  than  by  the  fact  that  the  drainage,  and  hence  the  erosion,  had 
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been  directed  away  from  it  because  of  its  being  somewhat  upturned 
against  tbe  Medicine  Bow  ridge  of  metamorphic  rock  lying  just  east 
of  it 

From  these  four  masses  the  country  descends  in  slopes,  which  are 
broken  up  into  innumerable  small  ridges,  to  the  main  drainage  of  Wil- 
low and  Troublesome  Creeks.  There  is  a  tendency  throughout  to  a  ter- 
race form,  but  nowhere  is  it  so  pronounced  as  in  the  breccia  "  spoon '' 
above  the  Hot  Springs.  Just  north  of  the  White  Face  groux),  tliis  is 
partially  due  to  the  gentle  northward  dip  of  the  beds,  the  inclination  of 
the  surface  being  in  the  same  direction,  while  the  northern  part  of  the 
region  is  in  the  upper  portion  of  the  liguitic  sei'ies,  where  there  is  less 
difference  in  the  hardness  of  the  beds,  and  hence  less  opportunity  for 
the  erosion  to  create  terrace  forms.  The  tendency  still  exists,  however, 
the  form  of  Park  View  being  very  graceful,  the  steeper  slopes  running 
out  in  flattish  spurs  to  become  rather  abruptly  steep  again,  but  not  at- 
taining escarped  edges.  The  valleys  of  the  Willow  and  Troublesome, 
therefore,  show  forms  characteristic  of  the  geology  of  this  lignitic  re- 
gion, and  are  very  different  from  the  forms  of  valleys  elsewhere  in  the 
district.  Nowhere  in  the  lignitic  area  are  the  streams  bordered  by  low, 
flat,  terraced  banks  like  the  lake-beds  adjacent  to  portions  of  the  Wil- 
liams Eiver  and  the  Grand,  nor  do  they  flow  in  sharp-cut,  rugged 
canons,  as  in  archs&an  areas.  Instead,  a  bottom  usually  but  a  few 
times  wider  than  the  water-course  accompanies  the  streams,  often 
marshy  from  the  presence  of  beaver-dams,  but  not  terraced,  from  which 
flteep  slopes  rise  on  either  hand  for  several  hundreds  of  feet  in  escarp- 
ments wiiich  show  the  edges  of  the  harder  sandstones,  with  lesser  slopes 
of  softer  beds  between,  and  finally  merging  by  curves,  rather  than 
abruptly,  into  a  pretty  general  terrace-like  level,  rising  on  and  on,  per- 
haps, with  other  indistinct  terrace  steps  to  the  higher  masses  l>eyond. 
In  the  Eastern  or  Willow  Creek  ridge  these  slopes  run  quite  evenly  to 
the  top.  In  the  White  Face  mass  the  last  slopes  up  to  the  lava  are 
abrui)t  and  lined  with  some  palisades  of  lava.  The  slopes  up  Park  View 
are  steep  but  graceful,  while  the  western  mass  is  surrounded  by  great 
palisades  of  black  lava,  white  volcanic  tuffs,  and  conglomerates  eroded 
into  pinnacled  forms,  and  looking  down  into  the  upper  canons  of  the 
Troublesome.  The  southern  border  of  this  great  lignitic  mass  as  it 
occurs  near  the  Grand  Eiver  has  been  already  described. 

In  ascending  Willow  Creek  from  its  junction  with  the  Grand,  and 
after  passing  through  the  rounded  hills  of  lake-beds,  most  of  which 
dip  gently  eastward,  and  the  accompanying  basaltic  lava,  as  before 
described,  there  is  found  crossing  the  stream  about  eight  miles  from  its 
mouth  the  same  ridge  of  dolerite  breccia  that  crosses  the  Grand  at  its 
upper  gate- way.  About  half  a  mile  before  reaching  the  principal  ridge, 
however,  an  outcrop  of  similar  material  (breccia,  &c.)  is  found  on  the 
east  side  of  the  stream,  dipping  2(P  to  the  northeast,  and  just  beyond 
and  between  the  latter  and  the  main  continuous  breccia  ridge,  which 
dips  COO  to  the  northwest,  are  several  outcrops ;  also,  on  the  east  side 
of  the  stream,  of  Cretaceous  No.  6,  here  containing  many  fine  cretaceous 
fossils.  The  upper  outcrops  near  the  main  ridge  dip  20^  northwest,  but 
following  along  them  northeastward,  they  swing  more  and  more  east, 
dipping  north  10^,  and  appear  as  if  they  swung  around  to  become  con- 
formable beneath  the  lower  occurrence  of  the  breccia.  Tlie  dips  are 
given  in  the  Hot  Springs  map,  (Figure  10,)  and  would  seem  to  indicate 
a  small  local  anticlinal,  with  the  axis  dipping  north.  These  beds  were 
not  directly  traced  farther  northward  along  their  outcrop.  The  main 
breccia  ridge,  however,  after  crossing  Willow  Creek,  appears  to  pass 
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aloD^  the  eastern  base  of  the  high,  even-topped  Willow  Creek  lignitic 
ridge.  The  line  of  junction  of  the  sedimentary  rocks  of  this  ridge  and 
of  those  beneath  it,  with  the  metamorphic  rocks  of  the  Medicine  Bow 
ridge,  must  lie  along  the  valley  between  the  two  ridges.  Unfortunately 
this  was  not  examined. 

The  facts  presented  near  the  Frazier  and  Grand  Rivers,  the  apparent 
gentle  westward  dip  of  the  Willow  Creek  ridge,  and  the  smoothed  ap- 
pearance of  the  west  slopes  of  the  Medicine  Bow  ridge,  would  all  seem  to 
point  to  the  fact  that  all  along  between  the  two  ridges  the  Cretaceous 
underiying  the  lignitic,  together  with  the  breccia  between  the  two,  are 
abruptly  turned  up  against  the  Medicine  Bow  ridge,  dipping  steeply 
westward  away  from  it.  From  Park  View  appearances  seemed  to  indi- 
cate such  upturned  ridges  of  rock  coming  out  from  behind  the  north 
end  of  the  Willow  Creek  ridge,  lying  along  the  base  of  the  Medicine 
Bow  ridge,  and  passing  on  north  into  the  North  Park.  The  narrow- 
ness of  the  valley  between  the  two  ridges,  as  well  as  the  apparently 
slight  western  incliuation  of  the  lignitic  of  Willow  Creek  ridge,  how- 
ever, may  indicate  that  a  great  fault  lies  between  the  two  ridges,  sepa- 
rating the  archsean  on  the  east  from  the  Cretaceous  and  lignitic  forma- 
tions in  the  west,  the  down-throw  being  upon  the  west  side.  Such  a 
structure  is  by  no  means  improbable,  as  the  teudency  of  all  the  folds 
throughout  this  region  is  to  an  abrupt  western  down-throw,  which  often 
passes  into  a  fault. 

Where  Willow  Creek  breaks  through  the  doleritic  breccia-bed  the 
latter  forms  a  well-defined  ridge  a  few  hundred  feet  high,  striking  a  little 
east  of  north,  with  irregular  curving,  and  dipping  west  about  60o.  It 
is  here  only  about  500  feet  thick,  and  considering  its  greater  thickness 
near  the  Grand,  it  is  probably  thinning  in  going  northward.  Passing 
up  the  Willow  through  the  gap  formed  in  the  ridge  by  the  stream,  a 
small,  sharp  valley  is  found  on  either  hand  behind  the  ridge,  with  some 
exposures  of  soft  brown  sandstones,  mostly  shaly,  dipping  60^  west. 
A  thousand  feet  beyond,  a  ridge  parallel  with  the  breccia  ridge  is  pass^, 
which  is  composed  of  coarser  and  harder  brown  sandstone,  mostly  of 
granitic  material,  like  the  lignitic  terraces  of  the  Grand,  dipping  50^ 
westward.  Two  or  three  hundred  feet  farther  on  a  smaller  ridge  shows 
a  dip  of  about  40^,  and  but  little  over  half  a  mile  above  the  breccia 
ridge,  the  dip  is  reduced  to  live  or  ten  degrees,  or  even  less.  Here 
the  dip  is  more  across  the  river  to  the  north  than  up  it,  the  valley  being 
a  partial  monoclinal,  though  the  dip  is  very  gentle.  The  terraces  near 
the  stream  are  somewhat  marked,  but  best  so  on  its  northeast  side. 
The  first  slope  is  between  four  and  five  hundred  feet  high,  quite  abrupt, 
in  escarpments  of  coarse  gray  sandstones,  some  rather  finely  and  com- 
pactly banded,  and  conglomerates,  all  of  metamophic  d6brU^  sometimes 
30  feet  abrupt,  with  slopes  of  5  to  10  feet  of  softer  shaly  beds.  Some 
exceedingly  fine,  compact,  dark-blue  argillaceous  bands  occur,  carrying 
small  black  spots  of  carbonaceous  material.  Dips  of  6*^  to  10*^  or  12^ 
generally  occur,  mostly  to  the  north,  the  observer  constantly  rising 
through  the  formation  in  going  up  the  stream.  At  a  point  about  south- 
east by  east  of  Park  View,  however,  a  dip  of  about  10°  to  the  south 
occurs  along  the  stream  for  a  half  mile,  ending  at  the  north  in  a  dip  of 
about  30^  to  the  south,  till  the  up-throw  of  the  beds  on  the  northern 
side  is  X)erhaps  150  feet,  when  the  gentle  northern  dip  is  again  resumed. 
About  in  line  with  this  small  southward-bending  fold,  and  perhaps  a  pro- 
longation of  it,  there  occurs  upon  the  southern  spurs  of  Park  View  Peak, 
a  short  south  dip  of  about  15^,  but  the  usual  northern  dip  is  here,  like- 
wise, at  once  resumed.    In  a  spur  just  northwest  of  Park  View,  the  re- 
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verse  may  be  observed,  a  northern  dip  of  25°  being  observed  for  a  short 
space,  but  soon  iSattening  to  10°  again.  The  whole  slope  north  of  Park 
View  seemed  to  indicate  a  continuation  of  this  northern  dip,  carrying 
the  liguitic  beds  down  into  the  low  flat  basin  of  the  North  Park.  To 
the  west  the  abrupt  palisade  edges  of  the  great  lava-cap  covering  the 
lignitic  in  that  direction  show,  extending  in  a  high  promontory  north- 
ward into  the  North  Park ;  and  here,  also,  a  gentle  northern  dip  seemed 
to  be  apparent  at  a  few  points. 

Though  a  large  -dike  and  several  smaller  ones  occur  in  Park  View 
Mountain,  their  connection  with  the  topography  is  best  shown  in  a  hill 
northeast  of  that  mountain,  and  across  the  westernmost  fork  of  the  Wil- 
low from  it.  These  dikes  vary  from  5  to  30  feet  in  thickness,  some  being 
apparently  over  five  miles  in  length,  and  extending  across  the  country 
like  huge  broken  walls.  Where  several  intersect  or  occur  near  one 
another,  their  combined  resistance  to  erosion  has  formed  a  hill,  every 
spur  of  which  contains  a  dike.  Between  the  two  mountains  is  the  pass 
for  the  Willow  Creek  trail  over  into  the  North  Park.  The  accompany- 
ing sketch-map,  Fig.  17,  shows  the  forms  of  these  two  points,  and  their 
connection  with  the  dikes.  There  are  probably  several  large  dikes 
upon  the  northern  spur  of  Park  View,  and  on  the  hills  to  the  northwest, 
which  are  not  indicated  in  the  map,  as  they  were  not  clearly  seen. 

The  dikes  are  of  a  very  handsome  porpbyritic  trachyte,  a  grayish 
green  micro-crystalline  or  granular  paste  containing,  as  the  more 
noticeable  ingredients,  numerous  large,  well-formed  crystals  of  white 
orthoclase,  and  short,  well-formed,  hexagonal  crystals  of  a  soft,  dark- 
green  chlorite.* 

The  lava  capping  Corral  Peak  has  some  peculiar  features  which 
should  be  mentioned  before  leaving  this  lignitic  area.  The  summit  of 
the  mountain  is  a  squarish,  rugged  mass,  rising  precipitously  at  the 
southwest  end  of  a  ridge  that  runs  about  three-quarters  of  a  mile 
northeastward  from  it,  where  it  is  crossed  at  right  angles  by  an 
equally  long  but  excessively  sharp  ridge,  trending  nearly  northwest 
and  southeast.  This  whole  top  descends  steeply,  especially  on  the 
northwest  and  south  sides,  for  several  hundreds  of  feet  to  the  lignitic 
beds  on  which  it  rest^.  The  northeast  ridge,  though  not  examined  at 
its  base,  appeared  as  if  it  were  the  dike  through  which  the  eruptive 
mattor  found  its  outlet.  This  ridge  rises  a  little  higher  than  the 
broader  neck  connecting  it  with  the  main  point  which  rises  some  500 
feet  above  either.  The  sharp  ridge  and  all  the  main  top  is  composed 
of  a  dark,  nearly  black  or  brownish-black,  brittle  basalt,  which  pos- 
sesses a  resinous  luster  on  a  fracture  face  because  of  the  very  largo 
proportion  of  olivine  permeating  the  mass.  This  lava  weathers  very 
peculiarly,  breaking  in  thin  flakes  or  slabs,  sometimes  shaly,  usually 
standing  nearly  vertical,  with  flat  conchoidal  faces,  which  meet  along  the 
edges  as  do  the  facets  of  a  cut-glass  tumbler.  These  slabs  are  highly 
phonolitic ;  and  in  weathering,  the  surface  sometimes  looks  like  a  red- 
disli,  even  grained  sandstone.  The  columns  which  compose  the  western 
precipice  are  remarkably  well  formed.  Some  of  them  are  two  or  three 
feet  across,  sharply  cut  generally  into  five  sides,  cross-jointed  into 
lengths  of  from  a  few  feet  to  a  few  inches,  with,  on  the  upper  surface 
of  each  joint,  an  exceedingly  well-formed  convex  spherical  surface, 
rising  two  or  three  inches  alK)ve  the  surface  of  the  joint,  and  with  its 
circumference  nearly  tangent   to  the  sides  of  the  joint.     A  corre- 

*  It  is  inteuded  that  a  proper  chemical  examination  of  this  lava,  as  weU  as  of  all 
the  Yolcanic  and  other  rocks  that  require  it,  shaU  be  made  to  be  used  in  the  final  report 
of  Colorado. 
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sponding  depression,  of  course,  exists  in  the  lower  side  of  the  section 
above.  This  upper  columned,  jointed,  splintered  mass  of  lava  shows 
no  signs  of  bedding,  but  it  rests  below  in  a  mass  of  volcanic  conglom- 
erate, containing  patches  i)f  white- weathered  tuff,  in  all  a  few  hundred 
feet  in  thickness,  dipping  somewhat  to  the  northwest,  and  forming  a 
zone  of  most  curious  pinnacled  forms  surrounding  the  base  of  the 
steep  upper  slopes  of  the  peak.  At  the  very  base  a  small  ])atch  of 
lava  was  observed,  consisting  of  a  hard  white  matrix,  with  numerous 
imbedded  grains  of  sanadine  and  quartz,  apparently  a  typical  western 
rhyolite.    The  conglomerate  and  basalt  probably  rest  directly  upon  it 

The  summit  of  White-Face  Mountain  and  its  western  spurs  seemed 
covered  with  the  same  lavas  as  covered  Corral  Peak. 

In  the  upper  part  of  the  East  Fork  of  Troublesome  Creek  several  dips 
of  the  lignitic  sandstones  were  observed  at  right  angles  to  the  stream, 
or  southeastward,  some  of  perhaps  10°,  thus  forming  a  gentle  mono- 
clinal  of  the  valley.  Lower  down,  dips  of  5°  or  8^  to  the  southwest  take 
their  x)lace,  and  the  inclination  of  the  strata  being  greater  than  that  of 
the  stream,  they  gradually  disappear  beneath  it.  The  valley  is  not  as 
deeply  cut  as  that  of  the  Willow,  the  first  more  abrupt  rise  being  less, 
and  the  semi-terraced  slopes  rising  rather  gently  on  either  hand,  inter- 
sected by  innumerable  small  ravines.  A  little  lower,  about  five  miles 
above  the  junction  with  the  West  Fork,  the  river  turns  westward  and 
approaches  a  ridge  into  a  narrowing  gorge  through  which  it  enters,  the 
high  hills  on  either  side  becoming  capp^  with  volcanic  material.  As 
the  stream  cuts  through  the  gently  westward-dipping  lignitic  beds,  the 
capping  lava  descends  more  and  more,  until  the  palisaded  canon  is 
wholly  in  it,  the  lignitic  disappearing  beneath  it,  the  stream  fiiually 
emerging  from  between  the  gradually  lowering  sides  to  its  junction  with 
the  West  Fork,  in  the  flat,  low-terraced  basin  of  the  Lower  Troublesome 
tributary  to  that  of  the  Grand.  This  volcanic  material  lies  upon  the 
hill-slope  with  a  western  dip  of  6^  to  1^,  and  consists  of  poorly  strati- 
fied or  irregular  volcanic  conglomerates,  some  white  tuffs,  but  mostly  of 
dark  or  black  basaltic  lavas,  some  columnar,  which  form  the  palisades. 
On  the  south  side  of  the  canon  a  well-defined  bed  shows  at  one  point  a 
thickness  estimated  at  seven  or  eight  hundred  feet.  Some  of  the  lavas 
observed  were  very  fine-grained,  with  couchoidal  fracture,  some  with 
rough  resinous  surfaces,  with  the  usual  variations  of  appearance  com- 
mon in  basalts.  Except  the  peculiar  tabular  structure,  some  were  un- 
distinguishable  from  those  of  Corral  Peak,  and  it  is  quite  possible  that 
these  lavas  flowed  down  from  that  source.  Inclining  westward,  the  lava 
ends  abruptly  at  the  caiion's  mouth  in  a  steep  slope  of  about  100  feet, 
which  descends  to  a  narrow  lake-bed  terrace  skirting  its  base,  which  in 
turn  descends  in  a  slope  of  40  feet  to  the  river  **  bottom"  of  the  West 
Fork.  (The  section  is  shown  in  Plate  III,  section  4,  east  end.)  Down 
the  Troublesome,  the  lava  seems  to  end  abruptly  along  the  river  in  a 
similar  manner  for  some  distance,  being  bordered  on  the  west  by  the 
terraced  lake-beds  of  the  stream,  and  thus  concealing  the  western  edge 
of  the  great  lignitic  area  from  view.  From  here  to  the  Hot  Springs  the 
southern  limit  of  this  formation  was  not  traced.  It  is  probably  some- 
what concealed  by  this  same  lava  flow,  but  it  seems  quite  likely  that 
near  Corral  Creek,  and  on  to  Mount  Bross,  the  lignitic  beds  may  rest  on 
the  granite,  or  on  the  upturned  eiiges  of  the  Cretaceous,  as  it  certainly 
does  just  beyond,  near  the  Hot  Springs.  Somewhere  near  this  line,  and 
not  far  below  the  junction  of  the  two  forks,  are  some  sulphur  springs 
said  to  be  similar  to  those  near  Mount  Bross,  but  cold.  As  it  is  not  un- 
Ukdy  that  the  former  may  have  an  ontlclb  similar  to  the  latter,  their 
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presence  may  indicate  here  the  nptarned  edges  of  the  Lower  Cretaceons 
beds.  Northward  a  few  miles  from  the  junction  of  the  two  Troublesome 
Creeks,  the  lava  on  the  east  slope  of  the  West  Fork  seems  to  draw  away 
iix)m  the  stream,  leaving  it  apparently  on  the  lignitic  beds.  A  little 
west  of  the  stream,  some  exposures  dipping  westward  below  the  low 
terraces  seem  to  continue  these  beds  in  tliis  direction.  (Plate  III,  sec- 
tion 3,  eaat  end.)  Beyond  the  hills  merge  gently  into  the  slopes  leading 
up  to  the  great  northern  lava  mass,  and  are  cut  by  the  deep  caiiou  of 
the  North  Fork,  (not  shown  in  the  perspective  of  the  sections.)  The 
extreme  western  border  of  the  lignitic  area,  that  bordering  on  the  val- 
ley of  the  Muddy,  will  be  described  when  speaking  of  that  valley. 

LOWER  TEOU^LUSOME  VALLEY. 

West  from  the  junction  of  the  two  forks  of  the  Troublesome,  the 
gentle  slopes  of  two  or  three  low  terraces  rise  to  the  low  divide  between 
the  Lower  Troublesome  and  Muddy  Eivei*s*  The  lower  terrace  rises 
about  40  feet  above  the  river-bottom,  which  is  here  a  few  hundred  feet 
wide.  UiK)n  the  divide  the  uncompacted,  crumbling,  light  brown  and 
graiy  sands  and  white  marls  of  the  lake-beds  are  well  exposed,  and  all 
the  termces  of  the  adjacent  valleys  are  probably  of  them.  Much  alkali 
here  abounds,  and  the  terraces  support  a  thick  growth  of  sage-brush 
and  little  if  any  grass.  These  beds  seem  to  effectually  conceal  the 
structure  and  relations  of  the  rocks  beneath.  The  divide  and  adjivcent 
slopes  are  covered  with  boulders,  pebbles,  and  smaller  debris  of  basaltic 
lava,  and  moss-agate  stones  are  frequent.  Near  the  divide  a  few  of 
the  higher  elevations  of  white  lake-beds  are  lava-capped,  and  at  one 
point  a  mass  of  lava  occurs,  as  if  occupyiug  the  ancient  channel  of  a 
email  stream  in  the  lake-beds,  (Plate  III5  section  3.)  The  lava-flow,  of 
which  these  are  the  remnants,  must  have  originally  extended  quite 
widely  over  this  region,  and  the  greater  resistance  to  erosion  due  to  its 
presence  may  have  determined  the  present  position  of  this  divide.  The 
latter  ends  at  the  south  in  the  rather  abrupt  and  high  knob  of  griinite, 
the  Lower  Muddy  Butte,  which  will  be  referred  to  later.  This  broad- 
terraced  valley  of  the  Lower  Troublesome  opens  out  upon  the  similar 
region  adjacent  to  the  Grand,  and  agrees  in  general  features  with  the 
lower  i>ortions  of  the  Williams  Eiver  Valley,  which  opens  in  a  similar 
manner  upon  the  southern  side  of  the  Grand, 

VALLEY  OF  THE  LOWER  GRAND. 

The  region  adjacent  to  the  Lower  Grand  is  of  terraced  lake-beds, 
through  which  protrude  several  small  knobs  of  the  metamorphic  rocks. 
The  Grand  emerges  from  its  canon  in  the  red,  crumbling,  gneissic  granite, 
four  or  five  miles  below  the  Hot  Springs.  At  first,  the  graiiite  forms  its 
northern  bank,  terraced  beds  being  on  the  ^uthpru  side,  extending  on 
up  the  Williams  River  Valley.  A  little  lower,  the  river  cuts  somewhat 
into  the  latter,  leaving  a  narrow  zone  of  terraces  lapping  up  on  the  low 
granite  mass  at  the  north.  There  are  here  two  terraces  ,*  the  lower  abou^ 
90  feet  high,  mostly  of  soft,  dark-gray,  friable  sands,  some  compacted, 
and  a  few  brown  conglomerates,  a  few  hundred  feet  back  from  which 
rises  the  upper  terrace,  about  125  feet  high,  capped  with  a  brown  con- 
glomerate of  granite  d6bris  which  forms  a  small  escarpment  at  the  top 
of  the  bank.  The  ravines  cutting  into  the  latter  open  out  on  to  the 
lower  terrace,  but  do  not  cut  deeply  into  it.  An  exceedingly  gentle 
dip  of  2^  or  S^^p-stream  toward  the  granite  was  here  observed.    The 
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conglomerates  strangely  resemble  some  of  the  lignitic  conglomerates  in 
general  characters,  but  lake-beds  at  this  point,  being  naturally  made  up 
of  debria  from  the  granites  and  lignitic  beds  adjacent,  might  refidily  re- 
semble the  latter. 

A  little  farther  down  the  river  again  approaches  the  red  granite, 
which  rises  ruggedly  to  form  its  northern  bank,  the  lake-beds  being 
again  confined  to  its  southern  side,  and  here  of  a  rolling  rather  than  of 
a  terraced  character.  The  granite  appears  rather  smoothly  surfaced, 
and  is  cut  through  by  the  canon  of  Corral  Creek,  which  flows  from  the 
lignitic  area  upon  the  north.  Nearly  opposite  its  month,  and  west  of 
the  mouth  of  the  Williams  River,  is  a  high  hill  with  a  gi'eat  white  ex- 
posure, so  characteristic  of  the  lake-beds,  on  its  steep,  north  face.  Near 
its  eastern  base  are  evidences  of  formerly  existing  sulphur  springs. 

After  leaving  the  Corral  Creek  granite  area  the  river-bottom  is  often 
a  half  mile  wide,  boundeil  on  either  side  by  a  terrace  of  about  80  feet  in 
elevation,  except  where  the  latter  has  been  cut  back  by  erosion,  when 
the  rise  is  often  150  feet,  or  to  the  summit  of  the  second  and  higher  ter- 
race, direct.  The  latter  terrace  surface,  rising  in  more  gentle  slopes  to 
200  or  250  feet,  forms  the  general  level  between  the  Grand  and  lower 
Troublesome  Creeks.  From  it  here  rises  a  rocky  knob  composed  of 
granitic  gneiss  and  dark  irregular  gneiss.  South  of  the  Grand,  also,  are 
two  hills  showing  granitic  outcrops,  the  lake-beds  stretching  past  them 
southward,  their  relations  to  the  Upper  Cretaceous  or  lignitic  beds  of  the 
north  end  of  the  Williams  River  Mountains  not  being  examined.  Ex- 
posures of  highly  cross-stratified  sands  are  here  exposed  on  the  south 
bank  of  the  Grand.  Farther  down  the  river  the  well-defined  terraces, 
each  of  about  80  feet  in  height,  are  quite  continuous.  On  the  north  side 
a  few  small  knobs  of  metamorphic  rocks  protrude  through  them,  while  a 
quite  large  mass  of  the  same  (Station  LXVIII)  rises  on  the  south,  close 
to  which  the  river  runs,  with  steep  slopes  rising  to  it.  A  spur  of  the 
same  runs  quite  to  the  junction  of  the  Blue  and  Grand.  Here  a  large 
flat  alluvium  area  spreads  out,  lying,  when  visited,  only  about  five  feet 
above  the  river,  and  probably  subject  to  inundation  in  very  wet  seasons. 
Passing  it,  the  river  breaks  through  the  Lower  Cretaceous  rocks  lying 
up  against  the  eastern  granite  slopes  of  the  Park  range  and  enters  its 
impassable  canon  through  the  same,  carrying  with  it  all  the  drainage  of 
the  Park.  The  rapid  deepening  of  this  caiion  will  probably  ere  long 
retrieve  the  rich  alluvium  bottoms  just  above  from  serious  inundations. 
Nearly  all  the  terraces  of  this  region  adjacent  to  the  Grand  are  covered 
with  debris  of  metamorphic  rocks,  and  sustain  a  poor  vegetation  of  sage- 
brush, with  very  little  grass,  though  the  river-bottom  appears  very  fer- 
tile. In  the  softer  lake-beds  much  alkali  is  present,  and  the  ravines  are 
boggy.  Though  obscuring  the  underlying  rocks  as  they  do,  enough  is 
visible  to  show  that  the  zone  along  the  Grand  is  one,  essentially,  of  the 
arclnean  rocks.  Taken  in  connection  with  the  sedimentary  rocks  both 
to  the  north  and  south,  it  would  seem  to  be  a  gentle  anticlinal,  with  an 
east  and  west  axis,  extending  from  the  Hot  Springs  to  near  the  mouths 
of  the  Blue  and  Muddy,  with  the  overlying  rocks  sw^ept  away  by  erosion 
and  replaced  by  the  later  lake- beds;  while  the  apparent  continuity  of 
the  mass  with  the  granite  of  the  ITot  Springs  would  suggest  that  i)ossi- 
bly  the  fold  throughout  was  of  the  same  age  as  the  Hot-Springs  fold, 
viz,  post-Cretaceous,  but  pre-lignitic.  The  lake-beds  so  cover  up  the 
edges  of  the  adjacent  formations  that  the  relations  between  them  are 
readily  seen,  but  ravines  might  be  found  exposing  sufficient  to  really 
determine  these  relations  and  the  true  nature  and  age  of  the  i'old.  As 
before  mentioned,  several  sulphur  springs  occur  a  little  east  of  the  Lower 
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Troublesome,  while  indications  of  former  ones  are  said  to  exist  in  the 
Lower  Williams  liiver.  It  is  by  no  means  improbable  that,  like  the  Ilot 
Sulphur  Springs  at  the  base  of  Mount  Bross,  these,  also,  have  their  out- 
let between  the  Lower  Cretaceous  sandstones  and  the  shales  above;  and 
if  so,  indicate  that  these  rocks,  though  now  covered  by  lake-beds,  still 
occur  beneath,  and  dip  off  northward  and  southward  away  from  the 
arcbaean  area  of  the  Gi  and.  The  relations  of  the  Cretaceous  to  the  west- 
ern i)ortion  of  this  archaean  area  will  be  given  shortly,  when  describing 
the  lower  portions  of  the  Muddy  and  Blue  Rivers  where  they  join  the 
Grand. 

THE  VALLEY  OF  THE  MUDDY. 

The  Park  range  forms  the  western  limit  of  the  Middle  Park  drainage. 
North  of  the  Grand,  and  all  along  west  of  the  Muddy  Valley,  it  is  by  no 
means  a  high  and  rugged  mountain-range,  but  a  great  rolling,  even- 
contoured  swell  of  archaean  rock^  on  the  gentle  eastern  slopes  of  which 
rest  the  Lower  Cretaceous  quartzites,  extending  more  or  less  far  up  on  it, 
and  dipping  off  to  beneath  the  Muddy  River,  which  has  excavated  its 
broad  valley  in  the  soft  Middle  Cretaceous  shales.  At  the  north,  the 
gentle  eastern  slopes  of  the  valley  are  made  op  of  the  western  edge  of 
the  great  northern  lignitic  area ;  at  the  south,  the  low  ridge  of  lake 
beds  lying  between  the  Muddy  and  the  Lower  Troublesome  Valley,  limit 
it  on  the  east.  The  Cretiiceous  shales  and  sandstones  of  midvalley  are, 
however,  nearly  concealed  by  the  long  low  tenaces  of  lake-beds  which 
cover  their  upturned  edges,  and  occupy  nearly  all  of  the  main  valley, 
reaching  far  up  on  either  side,  the  underlying  Cretiiceous  rocks  being 
exposed  at  innumerable  points  in  the  many  ravines  which  cut  through 
the  lake-beds  in  all  directions.  The  valley,  however,  is  not  wholly  a 
simple  monoclinal.  The  Park  range  trends  west  of  north,  and  from  it, 
at  one  or  two  points,  low  anticlinals  run  out  in  an  east  of  north,  or  north, 
direction  for  a  few  miles  and  then  terminate,  the  beds  flattening  out  at 
their  ends,  the  river  meanwhile  being  forced  more  and  more  east,  as  it 
passes  around  their  northern  ends.  In  the  following  more  detailed  de- 
scription of  the  valley,  reference  should  be  made  to  the  geological  map 
of  the  Middle  Park,  (Fig.  8,)  and  sections  2,  3,  and  4,  of  Plate  III,  the 
positions  of  which  are  indicated  on  the  map. 

The  main  source  of  the  Muddy  is  the  w^esternmost  one,  rising  on  the 
long  even  massive  slopes  of  the  Park  range,  which  are  here  composed  of 
very  coarse  granite.  The  waters  collecting  on  these  granite  slopes  flow 
down  to  a  small  north  and  south  valley  at  their  base,  ^hich  is  formed 
by  the  westward  facing  edges  of  the  Lower  Cretaceous  beds  which  lie  on 
the  granites.  Breaking  through  the  ridge  formed  of  these  in  a  narrow 
canon,  the  stream  flows  out  into  the  more  open  valley.  (See  west  end 
of  section  2.)  The  lower  beds  are  mostly  soil-covered,  but  seem  com- 
posed mostly  of  soft  red  sandstones,  with  a  few  harder  beds,  especially 
at  the  top,  where  a  prominent  layer  of  hard,  white,  quartzitic  saudltone 
occurs.  The  estimated  thickness  of  these  beds  is  about  1,200  feet,  or 
nearly  three  times  the  thickness  of  the  corresponding  beds  at  the  Hot 
Springs,  or  about  the  same  iis  the  section  noticed  southeast  of  the  Hot 
Springs.  Considerations  as  to  whether  a  portion  of  the  Jurassic  may 
be  here  represented,  or  whether  all  should  be  referred  to  No.  1,  have 
l>een  given  before.  In  the  absence  of  fossils  the  latter  is  the  most  nat- 
ural conclusion.  They  appear  to  become  much  thinner  in  their  southern 
extension,  approaching  the  usual  type  and  thickness  of  No.  1.  Passing 
east  through  the  canon,  the  river  flows  across  another  little  north  and 
south  valley,  and  breaks  through  a  smaller  unicliual  ridge,  likewise  dip- 


MARvixE]  GEOLOGY VALLEY    OF   THE   MUDDY.  179 

piug  east.  The  side  valleys  are  in  dark  slaty  shale  with  occasioual  are- 
naeeou8  aud  calcareous  beds,  reaching  a  thickness  of  about  350  or  400 
feet.  This  outer  ridge  is  capped  with  two  strata  of  thin  bedded  lime- 
stone about  8  leet  thick,  separated  by  a  thin  shalier  layer,  all  dipping 
eastward  at  an  angle,  near  the  river,  of  10°,  flattening  to  6°  higher  up. 
The  limestone  varies  from  coftee-brown  to  gray  in  color,  is  inclined  to 
saccharoidal,  possesses  a  strong  petroleum  odor,  and  contains  many  im- 
perfect fossils  of  a  few  Cretaceous  species.  The  one  occurring  quite  to 
the  exclusion  of  others  is  a  small  Inoceramus^  which  Mr.  Meek  informs 
me  closely  resembles  Inoceramus  aeutirostris  (M.  and  II.)  of  Cretaceous 
Ko.  2  of  the  Nebraska  section.  Passing  on  down  the  river,  there  ap- 
pears here  and  there  beneath  the  terraced  lake-beds  forming  its  sides  a 
long  series  of  dark  argillaceous  shales,  which  dip  eastward  at  a  very  low 
angle. 

The  lake-beds,  indeed,  which  here  at  first  rise  in  a  few  low  terraces, 
then  gradually  merge  into  the  adjacent  bulky  and  irregularly  contoured 
hills,  everywhere  so  obscured  those  beds  that  no  good  section  was  ob- 
tained of  them.  There  appeared  to  be  no  prominent  beds  among  them, 
however,  aud  as  the  limestones  last  described  are  quite  characteristic 
aud  appear  at  other  points,  I  have,  for  convenience,  designated  the  hor- 
izon as  No.  3,  though,  as  indicated  by  the  fossil  above,  it  may  be  lower 
than  No.  3,  when  paleontologically  considered.  If  these  beds  are  not 
regarded  as  Cretaceous  No.  3,  there  does  not  seem  to  be  any  horizon 
here  which  could  be  so  regarded.  The  shales  above,  which  then  become 
No.  4,  are  probably  thirteen  or  fourteen  hundred  feet  thick. 

Just  east  of  where  the  stream  receives  its  main  fork  from  the  north, 
rises  the  Upper  Muddy  Butte,  a  steep  precipitous  mountain  reaching 
some  2,400  feet  above  the  river,  and  standing  in  its  abruptness  in  sti'ong 
contrast  with  the  sun'ounding  country.  Before  reaching  it,  the  hori- 
zontal lake-beds  which  rest  on  the  eastw^ard  dipping  shales  sweep  north- 
ward in  low  sloped  hills,  with  many  small  ravines,  to  a  series  of  hills 
which  are  lava-capped,  the  lava  having  flowed  down  from  the  great 
basaltic  mass  resting  on  the  lignitic  at  the  east.  The  lava-capped  hills 
which  remain  near  the  sources  of  the  North  Fork  are  not  visible  in  the 
section,  being  hid  by  the  Upper  Muddy  Butte,  though  five  of  the  western 
ones  are  seen.  The  Butte  is  also  a  mass  of  basaltic  lava,  the  steep  west 
front  being  faced  with  many  columns;  planes  of  division  cut  through  the 
mass,  dipping  east  of  an  angle  of  25^,  giving  the  impression  that  the 
mass  has  been  upturned  into  that  position.  This  lava  reaches  lower 
down  than  any  of  the  other  masses,  as  if  it  occupied  a  depression  in  the 
former  surface.  On  the  south  side  of  the  stream,  opposite  the  Butte, 
are  two  or  three  connected,  indefinite  hills,  all  of  the  lake-beds,  which 
extend  westward  across  a  small  terraced  valley,  and  lap  up  on  the  ridge 
of  Creta(!eous  No.  3.  Upon  and  about  them  many  lava  boulders  are 
found,  often  scoriaceous,  and  not  well  rounded,  the  remains,  probably, 
of  a  southward  extension  of  the  lava  flow,  the  remnants  of  which  cap  the 
hills  of  the  north.  It  is  this  flow  which  would  seem  to  have  determined 
the  divide  between  the  north  and  middle  parks,  which  is  here  a  gentle 
swell,  hardly  worthy  of  the  name  of  pass.  Whether  the  northern  lava 
masses  rest  on  lake-beds  or  on  a  westward  extension  of  the  lower  lig- 
nitic beds  was  not  ascertained.  The  latter  is  quite  possible,  as  the  lake- 
beds  would  have  to  reach  unusually  high  to  cover  the  whole  pass,  while 
the  lignitic  beds  appear  to  flatten  in  their  northern  extension,  and  may 
swing  around  somewhat  to  the  we>st. 

Just  south  of  the  Butte  a  branch  joins  the  main  stream  from  the  east, 
np  which  the  eastern  end  of  section  2  was  made.    A  little  south  of  this 
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branch  and  near  tbe  main  stream,  ridges  of  sandstones  are  exposed  by 
the  ravines  cutting  through  the  lake-beds.  These  show  a  higher  dip  than 
the  shales  to  the  west,  being  tipped  up  eastward  at  an  angle  occasion- 
ally above  3(P.  The  intei-mediate  beds  are  not  exposed,  and  are  quite 
likely  to  be  shales  eroded  away  more  than  sandstones.  The  latter,  how- 
ever, give  the  character  to  the  horizon,  being  absent  in  the  shales  lying 
below  and  to  the  west.  A  line  of  exposures  a  little  east  of  the  main 
stream  shows  a  dirty,  dark,  somber-brown  sandstone,  medium  grained, 
about  10  feet  thick.  Strike  north  20^  west,  dip  45°  northeast.  A  more 
continuous  line  of  outcrops  (all  in  the  ravines)  is  about  half  a  mile  to  the 
east  of  the  main  stream.  There  are  here,  beside  the  line  of  more  prom- 
inent exposure,  several  minor  ones,  all  being  of  sandstones,  mostly  light, 
but  some  dark  brown,  thin  bedded,  friable,  and  though  not  concretion- 
ary, strongly  resemble  the  Cretaceous  Ko.  6  in  the  region  near  the  Hot 
Springs;  the  common  eastward  dip  liere  is  from  20^  to  30o.  Up  the  east 
branch,  about  two  miles  from  the  Butte,  a  small  side  stream  from  the 
north  has  cut  a  deep  valley,  exposing  a  cliff  of  a  few  hundred  feet  in 
height  upon  its  east  bank,  (a  in  section.)  At  its  base  is  a  uniclinal  ridge 
(strike  north  15°  west,  dip  lO^-loo  east)  which  exi)oses  a  thickness  of 
about  250  feet  of  light,  gray,  friable,  thin-bedded  sandstones,  some  perhaps 
of  the  consistency  of  freestones,  none  thicker  than  one  foot,  but  mostly 
fihaly.  Above,  for  about  225  feet,  and  forming  the  lower  portion  of  the 
cliff",  the  beds  are  shaly,  and  some  almost  earthy.  A  band  of  about  four 
feet  in  thickness  here  is  of  bituminous  shale,  quite  irregular,  and  con- 
tains some  thin  seams  of  black  but  weathered  and  shrunken  lignitic  coal. 
The  cliff  is  capped  by  about  150  feet  of  coarse,  massive  sandstones  com- 
IM)8ed  of  metamorphic  dibrw^  the  characteristic  and  unmistakable  beds 
of  the  lignitic  group.  Though  the  eastward  inclination  of  the  upper  beds 
is  small  and  much  less  than  those  below,  the  transition  between  the  two  is 
gradual,  showing  a  flattening  of  the  fold,  there  apparently  being  no  uncou- 
formability  anywhere  in  the  series.  Here,  then,  the  lignitic  must  rest  di- 
rectly on  the  Cretaceous  without  the  intervention  of  thedoleric  breccia  bed 
of  the  Hot  Springs.  That  the  latter  marks  the  most  natural  line  of  de- 
markation  between  the  two  horizons  follows  from  the  entire  change  of 
lithological  characters  which  it  separates,  as  well  as  from  the  unconiorma- 
bUity  between  them  at  the  Dot  Springs,  and,  so  far  as  known,  from  the 
complete  change  of  life  which  here  occurs,  molluscan  life  giving  way 
to  plant  life.  Near  the  muddy,  however,  the  line  of  demarkation  be- 
tween the  two  horizons  is  not  so  well  marked.  From  the  fact  that  in 
tbe  breccia  basin,  on  both  the  Grand  and  Frazierliivers,  a  few  hundred 
feet  of  shaly  beds  lie  beneath  the  lowest  coarse  sandstones,  and  between 
them  and  the  breccia  it  becomes  no  unnatural  inference  to  suppose  that 
the  carbonaceous  shales  which  underlie  the  coarse  sandstone  esearx)ment 
here  near  the  Muddy  probably  form  the  base  of  the  lignitic,  thus  leav- 
ing the  lower  sandstones  of  the  ridge  below  as  the  probable  summit  of 
the  Cretaceous.  Though  no  fossils  were  found  in  these  beds  directly, 
yet  sandstones  characteristic  of  No.  5,  with  fossils,  occur  just  below. 
2Jo.  5  might  thus  be  taken  as  probably  being  very  nearly  1,500  or  1,000 
feet  thick,  making  the  total  thickness  of  the  Cretaceous  here  in  the 
Muddy  Valley  about  4,500  feet.  These  thicknesses,  though  checked  by 
scaled  distances  on  the  map,  may  be  in  error  from  incorrect  estimation 
of  average  dii)S,  as  so  much  is  obscured  by  the  lake-beds.  I  think  that 
they  nia>  be  much  too  small  rather  than  too  large. 

A  little  north  of  the  lignitic  escarpment,  a  few  exposures  indicated  a 
flattening  of  the  formation,  as  if  the  liguitic  beds  might  extend  north- 
ward and  westward  toward  the  Pass  into  the  North  Park,  as  before  in- 
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timated.  Following  oji  eastward  np  the  valley,  all  is  covered  with  a 
curious  porous  soil  to  its  bead,  where  the  high  escarpmeut  of  the  great 
volcanic  mass  is  met. 

Flows  of  black  basalt,  lined  with  columned  escaqiments,  great  thick- 
ness of  volcanic  conglomerate  and  white  tuff,  and  red  scoriaceous 
masses  show  on  this  western  face.  The  thickness  of  the  volcanic  mass 
must  exceed  a  thousand  feet.  The  peculiar  porous  soil  of  the  valley  is 
probably  due  to  soft  volcanic  material.  The  ridge  running  toward  the 
exposure  of  the  lower  lignitic  rocks  (a)  has  some  small  lava  masses  on 
it,  while  a  long  arm  stretched  northwestward  would  seem  to  indicate 
the  direction  of  the  lava  flow,  which  reached  all  around  the  northern 
sources  of  the  Muddy. 

Southward  from  the  Upper  Muddy  Butte,  the  formation,  as  indicated 
by  the  more  frequently  outcropping  sandstone  ridge  of  Xo.  5,  would 
seem  to  follow  very  closely,  in  its  changing  trends,  the  general  course 
of  the  river.  The  effect  on  the  topography  of  the  intermingling  of  the 
flat  lake-beds  with  the  including  upturned  Cretaceous,  is  here  very  curi- 
ous. For  ten  miles  down  the  river  the  lateral  streams  from  the  east  are 
very  numerous,  and  have  cut  the  lake-beds  into  long,  often  irregular, 
tongues,  whose  ends  fall  in  a  steep  terrace  slope  to  the  river,  and  the 
sides  falling  similarly  to  the  cutting  ravines.  These,  however,  often  cut 
through  ridges  of  the  Cretaceous  sandstones  at  right  angles  to  their 
course,  which  close  to  a  narrow  cut  the  ravine-shaped  valley,  and  mod- 
ify in  many  ways  the  naturally  regular  forms  of  the  lake-bed  erosion. 
The  types  of  these  tongues  are  flat  and  even,  all  of  pretty  nniform 
length,  with  surfaces  sweeping  up  in  long,  graceful  curves  to  the  gently 
molded  hills  bordering  the  valley  on  the  east,  and  which  are  probably 
of  the  lignitic  rocks.  Near  the  river  the  Cretaceous  shales,  and  the 
sandstones  just  east  of  them,  dip  rather  steeply  or  up  to  3(P  or  4(P 
eastward,  but  they  flatten  in  going  either  east  or  we«t.  West  of  the 
upper  part  of  this  region,  and  partially  encircled  by  the  southward 
bending  of  the  Muddy,  are  the  rolling  hills  of  lake-beds,  which  have 
been  before  referred  to.  South  of  these,  however,  the  ridge  in  which 
Station  LXV  is  situated,  is  of  a  very  diflerent  character.  Northwest  of 
the  station,  and  in  the  deep  ravine  at  the  base  of  the  hill,  is  a  small 
ridge  striking  N.  40o  E.,  and  dipping  55^  to  the  northicest.  The  beds 
about  show  it  to  be  swinging  around  the  northern  extremity  of  the  sta- 
tion, and  beneath  the  hills  of  lake-beds  just  north.  It  is  of  limestone, 
in  all  respects  similar  to  the  bed  called  No.  3,  a  few  miles  to  the  north- 
west, and  is  undoubtedly  the  same  bed.  Following  the  main  ridge 
southward,  this  bed  forms  a  minor,  but  parallel,  ridge  on  its  northwest 
side,  which  dips  as  high  as  63^  in  the  same  direction.  The  southern 
end  of  the  main  ridge  is  quite  broad  and  flat,  and  is  surrounded  by  a 
small  palisade  facing  south  and  east,  which  appears  to  be  the  same  bed 
capping  the  hill  and  dipping  gently  east.  It  is  through  here  that  sec- 
tion 3  (Plate  III)  is  drawn.  Outcrops  of  the  same  limestone,  which  is 
still  composed  of  two  prominent  layers,  but  is  thicker  than  farther 
north,  appears  as  if  broken  downward  along  the  east  side  of  the  ridge 
also.  All  along  the  lower  slopes  upon  this  side  the  slates  of  No.  4, 
where  observed  in  the  ravines  in  the  confusing  lake-beds,  dipped  gently 
eastward  toward  the  river,  some  being  barely  inclined,  and  few,  if  any, 
exceeding  30°.  The  ridge,  indeed,  is  an  anticlinal,  with  a  gentle  east 
side,  an  abrupt  west  slope,  trending  about  north -northeast,  and  flatten- 
ing at  the  north.  To  have  sections  3  and  2  (Plate  III)  in  their  proper 
8tratigi*aphical  relations,  section  3  should  be  moved  eastward  until  the 
anticlinal  on  the  left  comes  under  the  Upper  Muddy  Butte  in  section  2. 
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The  flatness  of  the  dip  near  the  Butte  is  probably  due  to  the  effect  of 
this  fold. 

Southward  along  the  east  slope  of  this  fold  the  valley  widens  before 
its  contraction  at  the  Lower  Muddy  Butte.  On  the  west,  the  slopes 
coming  from  the  anticlinal  ridge  are  less  cut  up  by  intersected  ravines 
than  at  the  north,  the  terraces  being  more  continuous  and  longer,  run- 
ning from  the  ridge  in  long  flat  slopes,  and  falling  in  one  or  two  steeper 
descents  to  the  river.  On  the  east  side  of  the  river  the  lake-beds  have 
here  been  more  extensively  eroded  away  than  at  the  north,  and  the 
sandstones  of  No.  5,  being  here  quite  flat,  are  exposed  with  their  west- 
em  edges  showing  in  low  escarpments  facing  tlie  river.  Biick,  (east- 
ward,) they  disappear  beneath  the  ridge  of  the  lake-be<l8  which  sepa- 
rate the  Muddy  from  the  Troublesome.  West  of  one  of  these  flatly  dii)- 
ping  tables  of  No.  5,  and  about  five  miles  north  of  the  Lower  Muddy 
Butte,  and  a  little  south  of  section  3,  some  of  the  Cretaceous  beds  are  ex- 
posed in  the  face  of  the  lake-bed  covered  river-bank,  and  show  a  folding 
of  the  formation  along  a  north  and  south  line,  the  dip  to  the  west  being 
450,  that  to  the  east  at  first  20^,  flattened  to  about  lO^.  The  horizon 
again  brought  to  the  surface  is  probably  the  No.  3  limestones.  Here, 
then,  is  another  anticlinal  fold  indicated.  It  was  not  directly  traced 
southward,  and  since  the  soft  beds  have  been  leveled  by  erosion,  and 
probably  almost  wholly  covered  by  lake-beds,  there  are  no  easily  traced 
surface  features  to  indicate  its  extent  or  nature.  A  few  exposures  on 
the  east  side  of  the  stream,  and  a  little  south  of  this  point,  would  seem 
to  show  that  the  beds  on  the  east  side  of  the  fold  were  swinging  some- 
what eastward,  as  if  to  pass  to  the  east  of  the  liower  Butte,  but  they 
then  become  concealed  by  the  ridge  of  lake-beds.  This  fold  is  indicated 
iu  section  3. 

A  pretty  constant  outcrop  seems  to  be  of  a  harder  horizon  of  sand 
stones  in  Cretaceous  No.  5.  These  usually  outcrop  east  of  the  river, 
and,  as  indicated  on  the  map,  seem  to  show  the  effect  of  these  two  folds 
in  tiieir  line  of  strikes.  At  first  quite  flat,  the  outcrop  in  going  north 
gradually  steepens,  and  trends  more  and  more  west,  till,  on  a  northwest 
strike,  it  forms  a  hog-back  ridge  nearly  200  feet  high,  and  dipping  40^ 
northeast.  It  would  seem  to  be  here  running  arcmnd  the  north  end  of 
the  eastern  fold,  but,  feeling  the  influence  of  the  western  fold,  it  turns 
more  northward.  Again  it  runs  northwestward, as  if  tending  to  mantle 
around  the  northern  end  of  the  latter  fold,  but  near  the  Upper  Butte  it 
turns  northward,  probably  farther  north  to  swing  west  again. 

The  Lower  Muddy  Butte  is  a  high  knob  rising  abruptly  on  its  north 
and  west  sides  to  a  height  of  .about  1,800  feet  above  the  river.  It  is  of 
granite,  with  its  base  almost  wholly  surrounded  by  the  low-lying  lake- 
beds,  and  is  probably  the  northwestward  extremity  or  arm  of  the  gran- 
ite mass  shown  to  exist  along  the  lower  portions  of  the  Grand. 

Westward,  but  a  few  miles  from  the  Butte,  and  across  the  narrowed 
valley,  may  be  distinctly  seen  the  limits  of  the  Lower  Cretiiceous  quartz- 
ites  and  sandstones,  as  they  lie  up  against  the  granite  of  the  Park 
ridge  and  dip  down  eastward  toward  the  Butte.  The  broad,  low  valley 
stretches  northward,  and  occasional  outcrops  of  its  Cretaceous  rock« 
may  be  seen  beneath  the  terraced  sloi)es;  but  in  this  direction,  as  said 
before,  all  is  so  leveled  and  covered  with  the  terraces  that  the  relations 
of  the  Cretaceous  to  the  granite  of  the  Butte  are  not  apparent.  Whether 
the  former  are  upturned  against  the  Butte,  or  whether  a  fault  separates 
the  two,  or  whether  the  Butte  may  not  represent  an  elevation  of  the 
granite  which  existed  before  the  Cretaceous  beds  were  laid  down  sur- 
rounding it,  is  not  readily  seen.    The  abruptness  of  the  hill,  the  apparent 
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total  absence  of  upturned  beds,  and  the  undisturbed  appearance  of  the 
usual  Park  range  fold  on  the  west,  would  indicate  the  latter.  But  the 
fold  8i>oken  ot  as  being  found  a  few  miles  north  of  the  Butte,  as  well  as 
the  unusual  presence  of  granite  masses  protruding  through  undisturbed 
Cretaceous  rocks,  would  seem  to  lend  probability  to  the  view  that  the 
Butte  owed  it«  presence  to  at  least  a  post-Cretaceous  disturbance,  which 
folded  or  faulted  the  Cretaceous  rocks  about  it,  though  erosion  and 
deposition  since  have  almost  totally  obscured  the  evidence  of  such  action. 
South  of  the  Butte,  however,  is  evidence  indicating  the  latter  origin. 
Here,  between  the  Butte  and  the  Grand,  is  a  curious  area  of  Cretaceous 
beds.  It  is  a  true  geological  basin,  the  beds  dipping  toward  the  center 
from  all  directions.  The  west  and  south  sides  are  best  preserved,  tho 
others  being  confused  with  lake-beds.  This  portion  is  composed  of  two 
ridges,  their  abrupt  slopes  being  presented  outward,  their  gentle  slopes 
inward  toward  the  center,  so  that,  approaching  thecenter  radially  from  the 
south  and  west,  we  would  have  to  rise  a  hundred  feet  or  more  up  a  steep 
slope,  showing  the  edges  of  crumbling  shaly  sandstones,  (some  argilla« 
ceous,)  to  a  harder  bed  on  top  sloping  gently  in  the  opposite  direction, 
when  another  sharp  but  steep  ascent  would  have  to  be  made  before 
descending  again  gently  to  the  center  and  the  river ;  for  the  Muddy, 
breaking  through  the  north  edge  of  the  basin,  curves  around  through 
over  half  a  circle  in  its  very  center,  finally  breaking  through  the  south- 
eastern side  to  join  the  Grand. 

To  the  west  the  steep  faces  overlook  a  narrow  belt  of  lake-beds,  from 
beneath  which  appear  the  Lower  Cretaceous  beds  rising  in  the  Park  range. 
To  the  south  the  steep  faces  overlook  the  broad  alluvium  bottom  of  the 
Grand,  which  probably  here  covers  the  Lower  Cretaceous  beds,  for  just 
south  of  the  river,  year  its  Junction  with  the  Blue,  some  schist-knobs  are 
indicated  by  the  terraced  beds  of  schist  debris.  East  of  the  basin,  the 
terraced  beds  cover  nearly  everything,  but  a  ravine  shows  the  lower 
beds  dipping  30^  westward.  Farther  east  is  the  area  of  terraced  lake- 
beds,  with  a  few  protruding  knobs  of  granitic  rocks.  It  is  across  in  this 
direction  that  section  4  (Plate  111)  is  drawn,  extending  on  to  the  junc- 
tion of  the  two  forks  of  the  Troublesome.  Beneath  the  lake-beds  here 
forming  the  surface,  the  Cretaceous  may  dip  off  north  and  eastward  from 
the  granites,  which  show  above  the  surface  here  and  there,  and  beneath 
the  lava-covered  lignilic  beds  of  the  Troublesome. 

iiTearly  at  the  steep  southern  base  of  the  granite  butte,  and  exposed 
in  a  small  ravine,  is  a  small  patch  of  white  saccharoidal  or  quartzitic  sand- 
stone, lithologically  like  the  characteristic  beds  of  No.  1,  and  dipping  from 
the  granite  about  30^  south  westward.  It  not  only  dips  from  tho  granitic, 
but  it  lies  in  a  small  sharp  ravine  in  the  granite,  and  appears  to  be 
folded  with  the  ravine.  A  little  farther  out  the  same  beds  dip  gently 
toward  the  granite,  its  edge  facing  out  over  the  river,  descending  to 
which  the  beds  of  the  basin  are  found  as  before  described.  (See  the 
small  section  just  above  section  4.)  A  little  west  of  here,  and  at 
the  northern  end  of  the  basin,  a  southward  dip  is  also  found,  which 
turns  west  as  if  curving  around  the  west  end  of  the  butte. 

It  would  api)ear  from  these  facts,  then,  that  south  of  the  butte,  and 
crossed  by  the  Lower  Grand,  there  occurs  a  patch  of  Cretaceous  rocks 
which  have  been  folded  into  the  form  of  a  basin,  surrounded  on  tho 
north,  east,  and  south  by  the  metamorphic  rocks,  and  running  uj)  on  the 
Park  range  on  the  west,  as  part  of  the  strata  forming  that  fold,  and 
that  the  butte  itself  had  been  brought  to  its  present  position  by  a  fold 
which  has  turned  up  the  Cretaceous  i*ocks  about  its  southern  slopes; 
probably  about  its  northern  slopes  also. 
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THE  VALLEY  OF  THE  BLUE  RIVER. 

The  sources  of  the  Blue  Eiver  are  in  the  area  of  arcivau,  with  some 
small  patches  of  older  sedimeutary  rocks  lying  between  Gray's  Peak  on 
the  east  and  Mount  Lincoln  on  the  southwest.  From  their  mountain- 
surrounded  valleys,  the  collected  waters,  at  about  thirty  miles  from  the 
river's  mouth,  pass  into  an  area  of  Cretaceous  rocks,  and  it  is  this  lower 
portion  only  which  will  be  regarded  at  present.  For  this  thirty  miles 
up  from  its  mouth,  the  Blue,  in  several  respects,  is  the  direct  comi)le- 
ment  of  the  Muddy,  and  especially  as  it  occupies  a  monoclinal  valley  in 
Cretaceous  rocks,  the  valley  bottom  being  eroded  in  the  soft,  eastward- 
dipping,  mid-cretaceous  shales,  with  the  hard  lower  sandstones  lying  up 
on  the  archuean  rocks  of  the  Park  range  on  the  west,  and  the  sandstones 
of  No.  6,  with  rocks  above,  forming  the  eastern  side  of  the  valley.  But 
it  is  a  far  better-defined  valley  than  that  of  the  Muddy,  being  both 
straighter,  narrower,  and  deeper,  though  there  is  yet  room  nearly  all 
along  mid-valley  for  a  zone  of  recent  terraced  beds,  which,  as  in  the 
Muddy,  conceal  most  of  the  Cretaceous  shales  from  view,  and  take  away 
any  idea  of  ruggedness  of  bottom,  which  might  attach  itself  to  the  term 
narrow,  as  applied  to  the  valley. 

From  its  monoclinal  nature,  the  river  naturally  lies  nearer  the  eastern 
side  of  the  valley,  or  the  base  of  the  Williams  River  range.  The  first 
steep  slopes  of  these  mountains  rise  along  a  very  straight  line,  and  while 
the  Blue  is  for  a  short  distance  close  to  their  base,  a  zone  of  terraces 
from  one  to  two  miles  wide  usually  sweep  from  the  mountain-base 
westward  to  the  river.  The  range  is  exceedingly  symmetriciil  in  its 
outline,  both  in  cross-section  and  longitudinally,  the  highest  point,  which 
rises  some  3,600  feet  above  the  river,  being  nearly  iij  the  center.  From 
this  point  the  summit-line,  which  varies  in  distance  only  from  two  to 
four  miles  fi*om  the  river,  descends  in  unifonn  wavy  slopes  both  north- 
west and  southeast,  while  in  cross-section  the  eastern  slope  is  compara- 
tively gentle,  the  one  facing  the  Blue  being  very  steep.  This  west  front 
is  made  up  of  the  edges  of  the  strata,  which  show  upon  it  as  horizontal 
bands.  There  are  two  bands  which  are  more  prominent  than  the  rest, 
forming  escarpments,  one  about  half  way  up,  where  the  range  is  highest, 
the  other  near  the  base.  Toward  the  northwest,  where  the  range  tails, 
the  upper  horizons  are  eroded  away,  and  the  lower  bed  forms  the  general 
summit  of  this  lower  portion  of  the  range,  reaching  to  within  five  miles 
of  the  Grand.  Both  of  these  more  prominent  beds  appear  as  bauds  of 
ashen-gray  color,  and  are  ai)parently  sandstones,  separated  by  a  series 
of  shales,  weathering  gray,  with  many  white  bands. 

The  summit  of  the  Park  range  varies  from  six  to  eight  miles  from  the 
river  on  its  opposite  side.  For  fifteen  miles  south  from  the  (irand, 
except  being  somewhat  narrower,  this  ridge  has  much  the  same  char- 
acter as  north  of  that  river,  a  massive  rolling  ridge  of  the  archaian  rocks 
with  the  Lower  Cretaceous  sandstones  lying  up  against  it.  South  of 
this  point,  however,  it  rises  in  one  steep  slope  to  the  jagged  crest  of 
the  main  Blue  River  range,  the  principal  characteristics  of  which  will 
be  described  a  little  later. 

Proceeding  up  the  valley,  the  long  middle  slopes  of  the  Park  range, 
capped  with  the  I-K>wer  Cretaceous  sandstones,  lie  on  the  right ;  the  ui)j»er 
portions  of  the  ravines  cutting  through  these  to  the  metamorpliic 
rocks  below.  Lapping  up  on  these  slopes  are  the  terraced  beds  wliich 
run  out  toward  the  river  in  long  graceful  slopes.  The  stream  usually 
has  a  much  narrower  bottom  or  flood-plain  than  the  Muddy,  and  it  is  there- 
fore much  less  serpentine  in  its  course,  the  lower  terrace  generally  rising 
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close  to  tbe  stream.  This  first  rise  is  perhaps  about  100  feet  to  the  top 
of  the  lower  terrace,  then  a  long  gentle  rise  to  a  subordinate  terrace 
(often  absent)  of  30  or  40  feet  steep  slope,  then  another  long  slope  to 
the  highest,  but  less  distinct  terrace,  of  150  to  250  feet  in  height.  Just 
above  the  middle  subordinate  terrace  another  low  terraee  is  sometimes 
present.  The  lower  slope  is  the  most  marked,  and  is  often  several 
miles  across. 

The  Cretaceous  shales  are  frequently  exposed  in  the  ravines  and  river- 
channel.  On  the  left  is  the  hill  of  Station  LXVIII,  with  the  shorter 
terraced  slopes  of  coarse  archaean  d^brw.  Mixed  with  this  debris,  on  its 
northwest  side,  is  also  much  debru  of  shales,  as  if  the  Cretaceous  rocks 
laid  up  against  the  granite.  In  the  ravines  near  the  river  some  ex- 
posures showed  a  bending  of  the  strike  of  the  strata  from  southward 
around  to  the  eastward,  at  first  with  a  flat  northward  dip  and  then  a 
steeper  southward  one :  in  other  words,  as  if  the  strata  were  mantling 
around  the  southern  side  of  the  archaeau  area  of  the  Grand.  Though 
perhaps  too  few  points  were  observed  to  make  the  fact  absolutely  cer- 
tain, yet,  where  seen,  the  strata  occupied  just  such  positions  as  would 
exist  at  the  junction  of  two  folds,  one  (perhaps  the  older)  bringing  the 
granites  of  the  Grand  to  the  surface,  with  rocks  here  dipping  off  to  the 
south  and  west,  the  other,  the  Park -range  fold,  trending  nearly  at  right 
angles  to  the  former,  and  lying  just  across  its  western  end.  Indeed,  the 
LXVIII  hill,  in  its  geological  characters,  is  probably  the  complement 
of  the  Lower  Muddy  Butte,  and  seems  to  be  the  southwestern  extrem- 
ity of  the  east  and  west  fold  of  the  Grand,  which,  judged  by  the  un- 
conformability  at  the  Hot  Springs,  occurred  before  the  deposition  of 
the  lignitic  beds,  and  preceding  by  a  long  interval  the  great  final  folding 
of  the  mountains.  . 

About  five  miles  from  the  Grand  there  rises  above  the  terraced-slopes, 
on  the  east,  an  escarpment  of  bedded  rocks,  about  400  feet  high.  These 
are  mostly  of  buff-colored  with  some  brown  friable  sandstone,  showing 
in  four  prominent  and  nearly  horizontal  layers.  At  first,  at  the  north- 
ern end,  a  low  dip  to  the  south  is  apparent,  again  a  probable  indication 
of  the  fold  of  the  Grand.  Their  usual  dip,  however,  is  gently  to  the 
east,  and  into  the  flattish-topped  mass  which  they  mostly  make  up,  and 
all  along  the  west  face  of  which  they  show  in  banded  escarpments.  The 
exposures,  meanwhile,  in  the  ravines  of  the  valley  seem  to  be,  so  fiir  as 
observed,  almost  wholly  of  shales  and  slates,  so  that  these  bluff's  would 
appear.to  be  the  Upper  Cretaceous  sandstone  No.  5.  The  horizon  can  be 
quite  readily  traced  by  the  eye  all  along  the  base  of  Williams  River  Mount- 
ains, and  in  it,  near  the  south  end  of  the  range,  was  found  an  hioceramus, 
which  Mr.  Meek  identifies  as  being  closely  allied  to  J.  barabini,  (Mor- 
ton,) a  fossil  of  Cretaceous  No.  5,  of  the  Nebraska  section.  All  the  lower 
portions  of  the  Williams  River  Mountains,  therefore,  are  composed  of 
Upper  Cretaceous  strata. 

For  five  or  six  miles  these  sandstones  mostly  form  the  flattish  north- 
ern arm  of  the  range  before  it  rises  in  rounded  curves  to  its  higher  and 
more  ridge  like  middle  portions.  At  one  point  they  are  covered  with  a 
large  mass  of  apparently  eruptive  rock,  probably  basalt,  or  trachyte, 
but  which  was  not  ascertained.  Southwest  of  those  lava-covered  escarp- 
ments are  two  dikes  of  trachytic  lava,  which  appear  as  low  ridges  cross- 
ing  the  terraces  on  the  east  side  of  the  valley,  the  westward  trending 
nearly  south,  the  other  trending  more  southwest;  the  two  intersecting 
near  their  southern  ends.  The  one  is  vertical,  the  other  apparently  dip- 
ping northwest  at  an  angle  of  00^  toward  the  other,  and  probubly  joining 
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it  below.  The  rock  is  of  a  hard,  fiiie,  seini- vitreous  base,  light  gmy  or 
gieeuish-white  in  color,  and  inclosing  crystals  of  orthoclase  or  sanadite. 
The  trend  of  these  two  dikes  is  toward  a  hill  which  lies  about  eleven 
miles  from  the  Grand,  and  which,  in  its  isolation  and  abruptness,  pre- 
sents a  unique  topographical  feature  on  the  otherwise  regularly  formed 
valley,  and  therefore  indicate^  some  equally  unique  geological  fact.  The 
main"  valley  seems  to  lie  between  this  hill  and  tlie  Williams  Mountains, 
but  the  river  appears  to  leave  its  valley  and  turn  out  of  its  course  to 
cut  a  deep  canon  around  the  western  base  of  the  hill,  which  rises  to  a 
height  of  IjoOO  feet  above  the  stream.  Looked  at  either  from  up  or 
down  the  river  it  shows  a  series  of  massive  beds,  with  sotlter  layers  be- 
tween, all  dipping  eastward,  the  upper  beds  at  an  angle  of  30°.  These 
massive  beds  are  of  trachyte;  the  softer  beds  are  Cretaceous  shales,  and 
the  bedding  is  apparently  so  perfect  as  to  give  the  impression  that  the 
lava  was  contemporaneous  with  the  sedimentary  rocks,  and  that  here 
were  trachytes  of  Cretaceous  age.  But  either  north  or  south  of  the 
hill  the  Cretaceous  shales  in  the  neighboring  ravines  show  very  flat 
eastward  dips,  indicating  that  the  lavas  are  but  intrusive  masses  of 
post-Cretaceous  age,  which,  instead  of  breaking  across  the  strata,  here 
followed  along  their  planes  of  bedding,  and  forcing  apart  and  upward 
the  strata  between  which  they  wedged  themselves,  caused  them  to 
incline  eastward  at  a  steeper  angle  than  those  on  either  side.  Ex- 
amination of  the  hill  confirms  this  idea.  In  a  single  section  maile 
about  in  the  middle  of  the  hill  several  points  were  found  where  the  lava 
broke  abruptly  across  one  or  two  feet  of  the  shales,  breaks  of  a  few 
inches  being  common,  while  a  generally  uneven  surface  exists  between 
the  two.  At  one  poiiit  a  limestone  rested  on  a  lava  for  a  little  ways, 
and  then  slates  commenced  to  wedge  in  between  the  two,  generally  with 
broken  edges.  The  section  is  indicated  in  Plate '  III,  section  5,  and  is 
given  in  more  detail  below.  The  three  thick  lower  beds  of  trachyte  in- 
dicated in  the  section  are  all  joined  in  one  on  the  southwest  corner  of 
the  hill,  and  form  a  high  pinnacled  cliff  overhanging  the  river.  Near 
here,  and  a  little  south,  may  be  seen  what  api)ear8  to  be  the  side  or  edge 
of  a  flow,  where  the  undisturbed  slates  lie  on  the  south,  dipping  at 
an  angle  of  10°  eastward,  and  abutting  against  lava  which  from  there 
north  forms  a  layer,  and  on  which  rest  the  slates  which  have  been  turned 
up  by  the  lava.  On  the  opposite  (west)  side  of  the  river  is  a  massive 
hill,  also  apparently  of  the  trachyte,  a  remnant  of  the  thickening  dike, 
with  the  capping  slates  eroded  away.  On  the  hill-slopes  to  the  south- 
west appear  some  disturbances  of  the  Cretaceous  beds,  possibly  caused 
by  the  incoming  of  the  lava.  In  the  river  canon  about  80  feet  of  a  white 
siliceous  sandstone  is  exposed,  probably  the  upper  bed  of  the  Lower 
Cretaceous  sandstones  No.  1.  It  dips  but  a  few  degrees  to  the  east. 
The  beds  included  between  the  trachytes  gradually  increase  their  dip  in 
ascending  the  hill.  They  are  mostly  of  dark  argillaceous  shales,  with 
some  blue-black  slates,  and  one  or  two  limestones.  The  usual  Cre- 
taceous fossils  occur  here  and  there.  Considering  the  preponderance 
of  lava  in  the  hill  the  sedimentary  rocks  seem  to  have  been  but  very 
little  affected  by  any  heat  that  may  have  accompanied  its  erui)tion. 
"What  little  effect  it  has  produced,  however,  is  as  markedly  on  the  beds 
lying  above  lava  as  on  those  below  it.  The  lava  throughout  is  a  hand- 
some trachyte,  with  a  tendency  to  very  large  feldspar  crystals,  which 
ai*e  inclined  to  glassy,  and  seem  to  be  of  the  sanadite  variety  of  ortho- 
clase, though  the  usual  orthoclase  forms  are  more  common  than  the 
square  tabular  crystals.  Some  of  the  latter  are  from  one  to  two  inches 
across.    The  upper  trachytes  seemed  usually  more  porphyritic  than  tho 
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lower  ones,  the  average  size  of  the  very  nnmerous  feldspar  crystals  be- 
ing, perhaps,  from  a  quaiter  to  one-half  an  inch.  While  much  of  tho 
matrix  was  greenish,  some  was  olive-brown,  and,  though  mostly  fine- 
grained, some  was  slightly  vesicular,  and  a  little  was  observed  inclining 
to  scoriaceous.  The  following  is  a  record  of  the  section  down  the  west 
side  of  the  hill,  the  thickness  being  obtained,  as  usual,  by  using  an  ane- 
roid, pacing,  and  estimation : 

Section  of  Mil  in  Blue  River  Valley,  eleven  miks  from  Grand  JRiver. 


Natnre  of  strata. 


Thick- 
uess. 


Feet. 

Trachyte I  luOf 

Slaty  shales |  iiOUf 

Coarse  trachyte 100  f 

Shale :  25 

Trachyte I  110 

Slates,  mostly  sfaaly,  very  fine,  bine-black,  at  center  heavy  bedded  to  16 

inches;  uneven  and  broken  surface 120 

Trachyte  ;  somewhat  porphyritio,  but  mostly  fine,  irregular,  and  some  scoria-  ; 

ceous ;  breaks  of  one  and  two  feet  across  slates j  10 

Fine  shales .- I  GO 

Limestone,  fine,  compact,  dark  blue ;  beds  eight  inches  thick,  snbjointed  to  | 

shaly ;  brittle ;  in  part  shales  below I  10 

Trachyte |  HO 

Shales;  dark,  fiue i  100 

Trachyte j  275 

Shale 20 

Trachyte 150 

Siliceous  sandstone,  white 60 

River.  i 


Across  the  valley,  eastward  from  the  hill  above  described,  on  the  west 
face  of  the  Williams  Mountains,  is  a  little  projected  ridge,  apparently  a 
short  dike,  passing  through  the  lower  beds  of  the  mountains.  It  is 
indicated  in  section  5,  and  modifies  the  section  of  the  range,  here  near 
its  highest  point,  by  causing  the  lower  bed  to  run  farther  out  in  a  ter- 
race form  than  in  the  usual  mountain  section,  which  shows  the  west  face 
as  steeper,  and  more  as  in  the  dotted  line.  A  few  miles  south,  in  a 
steei)  east  bank  of  the  main  river,  a  vertical  trachyte  dike  was  observed, 
about  a  foot  thick  at  the  base,  thinning  to  nothing  about  80  feet  up,  and 
so  disappearing  before  reaching  the  surlace,  on  which  no  indications  of 
it  existed. 

THE  PAEK  RANGE  AND  BLUE  RIVER  MOUNTAINS. 

Meanwhile,  the  Park  range  has  undergone  some  change.  The 
rounded  ridge  has  gradually  risen  until,  near  the  base  of  the  abrupt 
slope  up  to  its  southern  extension  as  a  rugged  range,  it  is  at  the  timber- 
line.  The  Cretaceous  sandstones,  resting  on  the  ridge,  ai'e  here  cut  up 
more  than  nearer  thetjrand.  A  remnant  caps  the  very  summit  of  the 
ridge,  but  greater  erosion  has  cut  much  of  the  sandstones  away,  leaving 
the  valleys  in  the  granites.  Much  of  this  erosion  has  been  glacial.  The 
valley,  which  has  the  steep  and  rugged  slope  of  the  northern  ridge  of 
the  mountains  rising  irom  its  southern  side,  and  the  more  even-con- 
toured massive  ridge  on  its  northern  side,  /.  e.,  the  first  valley  north  of 
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the  greater  roonntains,  is  a  glacier  cut  gorge,  widening  and  narrowing, 
with  many  glacial  lakes  scattered  here  and  thei'e,  while  its  whole  bot- 
tein  is  a  maze  of  uneven  rovhe-mouton^e^  which  frost  and  vegetation  are 
now  fast  breaking  down,  and  gradually  obliterating.  It  has  cut  deep 
into  the  granites,  apparently  leaving  the  Lower  Cretaceous  sandstones 
bordering  the  northern  edge,  and,  farther  to  the  east,  where  the  main 
ridge  falls  to  a  lower  and  flat-topped  spur,  the  southern  edge  also. 
Lower  down,  where  these  flat-topped  spurs  fall  off  rather  abruptly,  nio- 
rainal  masses  run  out  from  their  ends  on  either  side,  and,  first  running 
down  the  valley,  finally  cross  it  and  join  in  a  bulky  terminal  mass  be- 
low, which  covers  the  granite,  and  then  hides  the  upturned  edges  of 
the  lower  sedimentary  rocks.  One  or  two  of  the  valleys  draining  off  the 
rolling  Park  ridge  north  of  this  one  present  some  similar  features, 
being  cut  through  the  sandstones  and  exposing  much  metamorphic 
rock.  About  midway  of  this  ridge,  toward  the  Grand,  a  higher  point 
presents  some  of  the  characteristics  of  a  lava  mass.  It  is  probably 
basaltic. 

THE  BLUE   RFV^R   OR  MOUNT  POWELL  GROUP. 

The  Park  range,  after  its  abrupt  rise  from  the  broad  rolling  ridge  at 
the  north,  entirely  changes  in  its  characters.  It  appears  to  be  a  rectan- 
gular-shaped mountain  mass  cut  into  the  most  pi*ofound  amphitheatral 
headed  gorges,  which  are  separated  by  the  most  rugged  and  sharp  saw- 
like ridges  of  rock  imaginable.  The  main  ridge  lies  along  the  south- 
western side  of  the  mass,  and  from  it  the  valleys  and  their  sharp  sepa- 
rating ridges  trend  in  a  general  northeast  direction.  The  northernmost 
spur  was  composed  of  a  very  distinctly  and  evenly  bedded  series  of 
schists,  gneisses,  and  granites  which  had  a  strike  nearly  with  the  ridge, 
and  a  dip  of  40^  or  50^  to  the  southward.  Looked  at  from  the  east,  the 
general  impression  is  received  that  all  of  the  large  ridges  of  the  range 
have  a  similar  structure.  These  rugged  ridges,  in  their  easternmost 
portions,  (see  Plate  III,  section  6,  west  end,)  present  a  pretty  uniform 
general  elevation,  (a  h^)  and  as  the  northern  ridge  expands  at  its  end  into 
an  eveu-surfaced  table-like  mass  of  rock,  the  impression  is  given  that  all 
of  these  sharp  ridges  are  but  the  remnants  left  from  the  cutting  away  of 
a  plateau-like  step  which  once  ibllowed  along  the  mountain-face.  These 
ridges  also  end  quite  similarly  along  a  pretty  straight  line,  and  descend 
to  rather  a  luiiform  level.  Kegarding  now  more  particularly  the  north- 
ern ten  or  fifteen  miles  of  the  high  range,  which  includes  but  four  or  five 
of  the  ridges,  it  is  observed  that  at  the  base  of  each  steep  end,  the  low- 
ered spur  does  not  continue  on  as  a  sharp  ridge,  but  slopes  off',  a  flat-sur- 
faced, plateau-like  area,  descending  gently  eastward,  (o  J,  section  G.) 
Since  upon  the  corresponding  area  at  the  base  of  the  northernmost 
ridge  great  quantities  of  debris  of  the  Lower  Cretacerous  sandstones 
were  found,  abundantly  proving  that  they  covered  the  area,  it  appears 
that  all  of  these  flattish  areas  either  are  now,  or  have  comparatively 
recently  been,  covered  with  the  same  sandstones.  Such  features  would 
seem  to  indicate  that  the  Cretaceous  had  once  extended  high  up,  or 
quite  over  the  whole  range,  and  that  the  latter,  in  its  upfolding,  hud 
received  the  most  pronounced  uplifts  along  certain  well-define<l  lines, 
the  intervening  portions  not  being  tilted  up  at  high  angles.  It  is  by 
such  a  process  that  the  front  range,  at  least  from  the  Big  Thompson 
to  the  South  Platte,  has  received  much  of  its  ui>lift.  Major  Powell  and 
Mr.  Gilbert  have  noticed  similar  folds  in  the  Kaibab  plateau  and  adja- 
cent regions  on  the  great  Colorado  plateau  of  Northern  Arizona,  through 
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there  the  sedimentary  beds  have  not  (by  many  a  thousand  feet)  been 
stripped  by  erosion  from  off  the  underlying  rocks.  It  is  a  form  of  mount- 
ain-building, which  I  think  is  not  uncommon  in  the  West. 

The  canons  issuing  from  the  high  Park  range,  or  Blue  Eiver  Mount- 
ains, are  glacier-scored,  and  cut  deeply  into  the  metamorphic  rocks 
between  the  supposed  Cretaceous  covered  areas,  which  lie  between  their 
mouths.  From  the  edges  and  ends  of  these  areas  commence  the  moraines, 
which  extend  valley  ward  and  end  in  broad  indefinite  morainal  masses, 
reaching  nearly  to  the  river.  The  metamorphic  rocks  exposed  in 
the  canons  probably  extend  some  distance  down  them,  and  finally  be- 
come covered  by  the  moraines,  encroaching  on  it  from  either  side  before 
the  edges  of  the  Cretaceous  sandstones  which  underlie  the  main  valley 
appear  crossing  the  stream-bed ;  these  edges  apparently  being  covered 
by  the  moraines,  as  indicated  by  section  0.  In  this  section  the  plateau 
area  c  d  is  not  shown  quite  high  enough  to  be  in  its  proper  relation  to 
the  moraine. 

From  the  lower  surfaces  of  the  moraines  the  terraces  sweep  off  to 
the  river,  the  upper  terraced  beds  evidently  lying  directly  on  the  mo- 
rainal mass ;  the  two  formations  being  probably  to  a  certain  extent 
contemporaneous. 

THE  SOUTHERN   END  OF  THE  WILLIAMS  RIVER  RANGE. 

• 

Opposite  the  portion  of  the  Blue  River  range  last  considered,  lies 
the  southern  end  of  the  more  symmetrical  portion  of  the  Williams 
Eiver  range,  which  terminates  at  a  saddle  at  Pass  Creek,  its  highest 
point  being  nearly  midway  between  that  stream  and  the  northern  end 
of  the  range.  The  Blue  River  bends  near  this  point,  the  valley  turning 
from  a  southeast  to  a  south  course,  in  going  up  stream.  Looking 
down  the  valley  from  a  point  above  the  bend,  the  eye  sees,  then,  the 
southern  end  of  the  Williams  Mountains,  (see  section  6,  east  end,) 
with  the  edges  {x,  x)  of  the  prominent  upper  bed  of  the  range  running 
across  it.  As  shown  in  the  section,  it  seems  to  be  folded  or  faulted 
somewhat.  On  the  south  side  of  Pass  Creek  is  Ute  Peak,  rising 
some  3,800  feet  above  the  Blue.  This  mass  shows  as  somewhat  offset 
to  the  east  with  respect  to  the  Williams  Mountains.  Its  western 
face  is  terraced  like  the  west  face  of  the  latter,  the  uppermost 
bed  appearing  running  prominently  across  it,  with  the  lower  promi- 
nent bed  showing  on  a  portion  of  the  fiice,  and  both  dipping  slightly 
eastward  into  the  mountain,  but  all  the  mountain  sumnnt  is  of  the 
metamorphic  rocks.  There  are  here  mica,  schist,  and  gneiss,  rather 
finely  banded,  but  somewhat  distorted  or  irregular,  with  some  ields- 
pathic  seams,  the  strike  being  about  north  10°  east,  with  a  dip  vertical 
or  high  to  the  south.  Its  eastward  slopes  carry  one  at  once  into  a 
country  characteristic  of  the  archa^au  rocks  and  different  from  the 
valley  just  left,  the  first  eastxfard  descent  being  directly  to  the  deep 
canons  of  the  Upper  Williams  River,  and  then  on  and  up  on  to  the 
massive,  deep  cut  spurs  leading  to  the  Mount  Bycrs  and  Gray's  Peak 
groups  of  mountains. 

To  the  south  all  seems  likewise  a  mountainous  region  carved  from 
the  hard  metamorphics.  The  western  face  of  the  hard  archa?au  rocks, 
which  form  the  summit  of  the  mountain,  is  abrupt  ibr  about  a  tliousaud 
feet  down  to  the  upi)ermost  layer  of  the  sedimentary  rocks.  Close  to 
the  base  of  this  steep  upper  slope  some  of  the  sediments  di[)  slightly 
away  from  it,  but  their  inclination  just  abreast  of  the  peak  is  mostly 
toward   the  latter,  at  an  angle  of  8°  or  IQo.    There  passes  through 
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here,  therefore,  a  great  fault,  which  separates  the  sedimentary  rocks  of 
the  Blue  River  aud  Williams  Mouutaius  from  the  metamorphic  rocks 
of  the  peak  aud  the  region  at  the  east,  the  down-throw  being  on  the 
western  side. 

The  sedimentary  rocks  which  form  the  valley  and  lower  iwrtiou  of  the 
l>eak  cannot  be  taken  at  less  than  nearly  0,000  feet  thick,  probably  much 
more,  while  the  schists  of  the  peak  rise  more  than  a  thousand  feet  liigher, 
so  that,  making  no  allowance  for  an  unknown  thickness  of  material 
eroded  from  the  summit  of  the  peak  itself,  the  western  side  of  the  fault 
must  have  moved  down,  with  respect  to  the  eastern  side,  a  distance  of  at 
least  7,000  feet. 

Tbis  great  fault  passes  northward  east  of  the  Williams  Mountains, 
but  was  observed  nowhere  along  the  Gmnd,  and  probably  dies  out  iu 
that  direction.  Southward  it  appears  to  form  the  eastern  side  of  the 
valley  of  the  Blue  for  some  distance,  while  it  may  be  the  northern  con- 
tinuation of  some  of  the  great  faults  that  occur  in  the  neighborhood  of 
Mount  Lincoln,  but  the  connection  was  not  traced  out  at  all. 

The  beds  which  make  up  the  west  side  of  the  peak  are  in  part  the 
same  as  those  of  the  Williams  Mountains.  At  the  base,  but  best  ex- 
posed on  the  north  side  of  Pass  Creek,  or  in  the  south  end  of  the  Wil- 
liams Mountains,  are  the  series  of  somber,  dull-brown  sandstones,  ex- 
posed in  several  heavier  beds,  with  narrower,  slatier  beds  between, 
wblch  lie  all  along  at  the  base  of  the  range.  Those  here  exposed  seem 
to  be  tbe  ui)per  portion  of  this  zone.  It  was  in  those  beds  that  the 
fossils  allied  to  Inoceramtut  harabini,  (Morton,)  before  referred  to,  were 
found,  confirming  the  age  of  this  horizon  as  being  Cretaceous  No.  5. 

Abovo^ollows  a  slope  of  shaker  beds,  perhaps  500  feet  thick,  capped 
with  the  bed  of  sandstones  which  forms  the  upper  prominent  layer  seen 
along  the  west  face  of  the  Williams  Mountains.  The  characters  of  this 
sandstone  I  seem  to  have  failed  to  record,  except  that  the  main  massive 
portion  was  about  80  feet  thick.  Above  were  500  feet,  mostly  shaly, 
with  aiiother  harder  band  of  thin-bedded,  dull  brown  sandstone,  about 
40  feet  thick  on  the  summit.  In  the  slope  of  about  000  feet  of  softer 
beds,  lying  still  above,  some  black  argillaceous  shale  was  observed,  and 
at  the  top  harder  sandstones,  some  shaly  and  dull-brown  as  before,  and 
some  white,  inclined  to  saccharoidal,  a  few  of  the  harder  beds  being  18 
inches  thick.  No  fossils  were  observed.  Some  of  the  sandstones  noticed 
were  whitish  and  reddish,  and  rather  coarse,  while  a  few  only  seemed 
plainly  composed  of  (lehris  of  metamorphic  or  granitic  rocks,  and  to  re- 
semble therein  the  characteristic  coarse  lignitic  sandstones  of  the  other 
sections.  Indexed,  the  series  8i».era^  more  to  belong  to  the  lignitic  hori- 
zon bet^ause  lying  above  the  usual  thickness  and  divisions  of  the  Creta- 
ceous rocks,  rather  than  by  the  close  lithological  resemblances  so  well 
marked  elsewhere  in  the  park.  Though  dilleriug  from  the  Cretaceous 
in  lithological  chanicters,  aud  having  no  place  iu  the  usual  Cretaceous 
series  of  the  park,  they  yet  retain  but  to  a  slight  degree  the  characters 
of  the  lignitic  rocks  farther  north.  I  have  considered  them  the  same, 
however,  and  have  so  rei)resented  them  on  the  ma}>s  and  sections. 
Search  would  undoubtedly  be  rewarded  with  fossils  proving  their  age. 

From  the  base  of  the  high  terraced  front  of  Ute  Peak  the  long,  low, 
terraced  lake-beds  sweep  out  to  the  Blue,  close  to  the  west  side  of  which 
are  the  lower  indefinite  masses  of  morainal  matter  from  the  Blue  Eiver 
Mountains,  partially  confused  with  the  lake-beds.  A  few  miles  to  the 
south  the  teiTaces  are  broken  by  ^  broad,  uneven  rise  lying  directly 
across  the  valley,  and  through  which  the  river  flows  in  a  canon.  Ap- 
proaching it,  it  is  found  comiK)sed  of  the  Cretaceous  beds,  the  harder 
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beds  fortuiug  ridges  running  across  the  main  valley,  and  dipping  north- 
ward, with  the  valleys  of  softer  beds  between  partially  tilled  with  the 
teiTaced  beds.  Meanwhile,  on  the  west,  the  flat  areas  at  the  base  of 
the  high  mountain  spurs,  and  which  I  have  considered  as  covered  with 
Cretaceous  No.  1,  have  approached  the  Blue,  swinging  around  to  a  more 
eastward  trend  and  northward  dip,  as  if  to  cross  the  stream ;  while  on  the 
east  the  upper  escarpments  on  the  face  of  Ute  Peak  are  eroded  away  and 
come  to  an  end,  the  lower  escarpments  rising  higher,  and  exi>osing  more 
of  the  face  of  the  main  ridge,  thus  showing  the  background  of  the  meta- 
morphic  rocks  which  compose  it.  When  first  encountered  crossing  the 
valley,  the  northern  Cretaceous  ridge  dips  at  an  angle  of  25^  or  30^  to 
the  north.  A  little  farther  on  this  is  followed  by  a  nearly  flat  dip,  and 
again  b^^  a  steepening  northward  one,  showing  a  reflexed  or  double 
curvature  of  the  fold.  Besides,  on  the  side  toward  the  Ute  Peak  ridge 
the  sedimentaries,  instead  of  dipping  down  toward  it,  seem  to  have 
felt  more  the  action  of  the  fault,  and  dip  slightly  away  from  it,  so  that 
the  valley  is  now  rather  a  synclinal  than  a  mouoclinal,  and  a  synclinal 
with  the  axis  dipping  northward,  and  its  eastern  edge  cut  shari>ly  off' 
by  the  great  fault  which  has  thrust  the  archa^an  rocks  so  high  ui>  upon 
tiie  east,  and  brought  them  in  direct  contact  with  the  edges  of  its  slightlj' 
upturned  lower  strata.  A  little  further  south,  and  the  edges  of  the 
Lower  Cretaceous  quartzites  are  found  swinging  across  the  valley  to  their 
broken  contact  with  the  wall  of  rock  upon  the  east,  and  the  road  passes 
over  them  on  to  the  granites,  which  then  form  the  whole  floor  and  sides 
of  the  valley,  though  still  for  a  little  distance  farther  some  remnants  of 
the  sedimentary  rocks  lying  up  against  the  fault  on  the  east  side  are 
visible.  From  here  for  a  number  of  miles  southward  the  valley  still 
retains  its  open  though  profound  character.  The  southern  continuation 
of  the  Blue  liiver  group  stili  rises  most  niggedly  and  impressively 
on  the  west,  bordered  at  its  ba«e  with  great  morainal  masses;  while  the 
lowered  spurs  of  the  Ute  Peak  ridge  and  adjacent  mountains  border 
the  valley  on  the  east;  the  terraced  gravels  and  sands  still  occupying 
and  concealing  the  middle  portions  of  the  valley.  Debris  of  shales  and 
sandstones  was  observed  at  a  few  points,  and  may  indicate  the  further 
presence  of  some  of  the  Cretaceous  rocks.  At  the  junction  of  Ten-mile 
Creek  from  the  west  and  Snake  River  from  the  east — the  two  principal 
tributaries  of  the  Blue — an  area  of  reddish  beds  occurs;  and  again,  at 
the  very  southern  sources  of  the  drainage,  and  forming  a  i)ortion  of  the 
high  mountain  divide  between  it  and  the  South  Park,  a  thick  series  of 
sedimentary  rocks  present  themselves  which  are  apparently  of  preCreta- 
ceous  age.  Neither  sufficient  examination  was  here  made  either  to  de- 
termine their  limits  or  structural  relations,  nor  to  ascertrin  whether 
other  similar  masses  might  not  be  present,  the  region,  which  is  mostly 
composed  of  the  avchsean  rocks,  and  contains  important  and  interesting 
mines,  being  left  for  the  coming  season's  investigations. 

It  is  hoped  that  in  the  preceding  pages  the  main  purpose  of  these 
reports  has  been  accomplished,  viz,  to  present  a  description,  not  only  of 
the  surface  features  of  the  region  examined,  but  also  of  its  interior 
structure,  as  to  the  nature,  position,  and  extent  of  the  rocky  masses 
that  compose  it,  which  will  be  sufficiently  clear  to  be  intelligible  to 
the  general  reader  interested  in  our  West.  It  is  further  hoped,  how- 
ever, that  scattered  through  its  i)ages  may  be  found  some  new  facts 
which  will  ultimately  aid  in  explaining  more  in  detail  than  heretofore 
some  of  the  problems  of  the  gradual  growth  of  this  portion  of  the  con- 
tinent, such  as  the  former  extent  of  its  lands  and  waters,  and  the  na- 
ture of  the  foldings,  dislocations,  and  erosions  which  have  been  mainly 
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instrameutal  in  developing  the  present  state  of  things  and  in  giving  ns 
the  country  as  it  is  now  found.  Some  conclusions  touching  such  points 
were  briefly  suggested  when  the  facts  upon  which  they  more  dire<5tly 
depended  were  described.  By  considering  together  many  of  the  facts 
thus  separately  presented,  more  extended  and  interesting  conclusions 
may  be  arrived  at,  but  the  facts  are  confined  to  too  small  an  area,  and 
are  as  yet  too  isolated  to  afford  reliable  data  for  generalization,  and  as 
this  is  not  the  place  to  collect  facts  from  other  sources  and  regions,  the 
temptation  to  draw  general  conclusions  as  to  the  former  history  of  the 
district  is  resisted. 

ARCH.  R.  MARVINE. 
June  19, 1874. 
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REPORT 

OF 

J^.   C.   I^E^LE,   M.   D., 

GEOLOGIST  OF  THE  SOUTH  PARE  DIVISION. 


Washington,  D.  C,  May  1, 1873. 

Sir  :  Herewith  I  band  you  mj"  report  uiwn  the  *'  South  Park  District 
to  which  I  was  assigned  as  geologist  during  the  season  of  1873. 

To  the  report  of  Mr.  Henry  Gannett,  who  had  charge  of  the  division, 
I  refer  for  details  of  organization,  routes  followed,  and  the  topographi- 
cal and  geographical  features.  I  have  confined  myself  somewhat  strictly 
to  the  enumeration  of  geological  facts,  leaving  deductions  and  gener- 
alizations mainly  for  the  final  report  to  be  made  when  the  entire  terri- 
tory shall  have  been  explored. 

The  limited  time  at  our  disposal,  the  want  of  an  accurate  topographi- 
cal map,  and  the  rugged  character  of  a  large  poition  of  the  region  ex- 
amined were  disadvantages  under  which  we  necessarily  labo^,  and 
which  will  account  for  any  real  or  apparent  deficiencies  in  the  work. 
In  addition  to  the  absolute  value  of  the  results  reconled,  I  am  satisfied 
that  the  data  obtained  will  be  of  great  service  to  future  more  detailed 
investigation. 

My  plan  of  work  was  as  follows:  With  Mr.  Taggart,  my  assistant,  I 
instituted  a  division  of  labor.  One  of  us  did  the  detailed  work  at  or 
near  camp  ;  the  other  accompanied  the  topogiaphical  party  to  the  sta- 
tion of  the  day,  an<l  made  a  drainage-map  of  the  surrounding  country, 
ux)on  which  the  geological  boundaries  were  defined  in  color.  This  sta- 
tion was  usually  the  highest  point  in  the  region,  and  the  work  done 
from  it  was  of  course  based  upon  the  details  previously  obtained.  I 
shall  therefoi^e  color  the  final  geological  maj),  not  from  memory  nor 
solely  from  notes,  but  from  field  geologiciil  maps.  By  this  plan  I  am 
enabled  to  present  a  much  larger  number  of  detailed  sections  than  I 
otherwise  could  have  done. 

I  have  appended  to  the  report  the  usual  catalogues  of  rocks  and  min- 
erals. 

Jn  conclusion,  I  wish  to  express  my  obligations  to  Mr.  William  R. 
Taggart,  who  acted  as  my  assistant,  and  by  his  zeal  and  efficiency  con- 
tributed largely  to  the  success  of  our  division  of  the  survey.  My  thanks 
are  due  to  Mr.  William  U.  Holmes,  not  only  for  invaluable  illustrations, 
but  also  for  useful  notes  on  several  localities  not  visited  by  myself.  I 
desire  to  thank,  also,  Messrs.  George  Summers  and  M.  France,  of  Colo- 
rado Springs ;  Messrs.  Stevens  and  R.  A.  Kirker,  of  Fair  Play,  and  C. 
L.  Hill,  of  Oro  City,  for  favors  and  information  afforded. 
With  great  respect,  I  remain  your  obedient  servant, 

A.  C.  PEALE. 

Dr.  F.  V.  Hayden, 

United  States  Geologic. 

13  G  S 
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CHATTEE    I. 

FROM  DENVER  TO   COLORADO  SPRINGS — FRONT  RANGE— BERGEN 

PARK— HAYDEN  PARK. 

On  the  29th  of  May  the  division  of  the  expedition  with  which  I  was 
connected  as  geologist  left  Denver,  and  proceeded  southward  to  com- 
mence the  summer's  work.  On  the  1st  of  June  we  crossed  the  northern 
line  of  our  district  a  short  distance  north  of  the  mouth  of  the  canon  of 
the  South  Platte  River.  Here  our  work  commenced.  As  we  look  from 
the  plains  westward  before  us  rises  a  plateau-like  mass  of  hills,  beyond 
which  we  discern  the  snowy  peaks  of  the  main  range.  I  will  consider, 
first,  the  front  range,  or  the  foot-hills,  as  they  are  called  by  the  settlers. 
Seen  from  a  distance,  the  height  of  this  range  seems  very  uniform.  As- 
cending the  hills,  however,  we  find  they  are  much  cut  up  by  the  various 
small  streams  that  drain  them.  The  lauge  is  made  up  almost  entirely 
of  plutonic  rocks,  so  covered  up  that  little  can  be  definitely  determined 
in  regard  to  them.  North  of  the  Platte  Ciiuou  they  were  thoroughly 
studied  by  Mr.  Marvine,  and  to  his  report  I  refer  the  reader.  On  the 
south  the  genera]  strike  seems  to  be  nearly  north  and  south.  The  incli- 
nation at  some  points  seems  to  be  toward  the  west,  and  at  others  to  the 
east.  There  is  probably  a  series  of  folds,  for  the  elucidation  of  which 
more  time  than  we  were  able  to  give  will  be  required.  Toward  the  out- 
side of  the  range  the  schists  are  of  a  bright-red  color,  from  the  predom- 
inance of  the  crystals  of  flesh-colored  feldspar.  They  are  also  porphyr- 
itic.  As  we  approach  the  center  of  the  plateau,  gray  schists  prevail, 
much  finer  grained,  and  containing  considerable  epido^e  :  they  are  also 
more  micaceous.  The  general  elevation  of  the  range,  two  miles  south  of 
the  Platte  River,  is  6,735*  feet.  Five  miles  farther,  at  Station  No.  7,  it 
is  7,979  feet.  About  nine  miles  south  of  this  station  we  have,  on  the 
western  side  of  the  range,  rising  considerably  above  it,  a  rough  granite 
ridge,  to  which  the  name  Platte  Mountain  has  been  given.  Its  elevation 
above  sea-level  is  9,027  feet.  About  five  miles  below  it  the  general  ele- 
vation is  8,448  feet,  while  on  the  eastern  edge  of  the  range,  twelve  miles 
south  of  Platte  Mountain,  the  elevation  at  Station  No.  11  is  8,986  feet, 
and  this,  five  miles  farther  south,  at  Station  No.  12,  increases  to  9,124 
feet.  We  see,  therefore,  that  as  we  go  south  there  is  a  gradual  rise 
toward  Pike's  Peak,  which  seems  to  be  the  culminating  i)oint.  The 
width  of  the  range  varies  Bomewhat,  but  it  will  average  from  six  to  eight 
miles.  The  quesion  of  the  elevation  of  the  range,  as  well  as  the  con- 
sideration of  its  western  slope,  I  will  leave  to  a  subsequent  portion  of  the 
chapter.  I  will  refer  next  to  the  sedimentary  formations,  which  are 
beautifully  exi>osed  along  the  eastern  edge  of  the  range,  extending  from 
our  northern  to  our  southern  line,  south  of  Pike's  Peak.  My  first  sec- 
tion was  made  on  the  south  side  of  the  South  Platte  River,  just  as  it 
leaves  the  canon,  and  flows  toward  the  plains.  Its  course  here  is  about 
north  70O  east. 

Resting  immediately  upon  the  granite  rocks  we  have  very  coarse 
sandstones,  mottled  red  and  white.  Clos^e  to  the  granite  the  sandstone 
is  coarsest,  and  contains  pieces  of  unchanged  granite.  In  other  x>laces 
the  sandstone  appears  to  i>ass  by  gradation  into  the  granite.    They  were 

*  All  the  elcvatioDB  in  this  report  are  based  ou  the  elevatiou  of  Denver,  which  in 
assumed  at  5,069  feet  above  sea-level. 
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evidently  deposited  in  shallow  water  and  near  a  shoreline.  The  angle 
of  inclination  is  about  65^,  and  the  dip  is  north  65^  cast. 

Above,  the  sandstones  soon  become  uniformly  red  in  color  and  some- 
what finer  grained. 

Fig.  1,  Plate  I  shows  the  beds  on  the  north  side  of  the  river,  their 
relations  being  exactly  the  same  as  on  the  south  side,  where  the  section 
was  made. 

The  following  is  the  section  : 

Secthn  No,  1,  on  south  side  of  South  Platte  River. 


•'■ !  I: 


In  descending  order : 

1.  Fine-grained  white  limestone,  with  cross  fracture 

Gray  limestone,  (fossiliferous) }  600(?)feet. 

Cretaceous  No.  2j*h.  3.  Space  covered  up. 

4.  Gray  and  yellow  sandstones,  70  feet 

5.  Shaly  sandstones,  (fossiliferous,)  12  feet. 

6.  Fine-grained  white  sandstone,  3  feet } 930  feet. 

7.  Rusty,  yellow  sandstones,  245  feet 

8.  Space  covered  up,  estimated  (KK)  feet 

9.  White  arenaceous  limestone,  5  feet 1 

10.  Pink  calcareous  limestone  shales  )  .«  n    .  \ 

11.  Arenaceous  and  pebbly  limestone  )  ^ 150  feet. . . 

12.  Space  covered  up (-.^w.    -    - 

13.  Compact  red  limestone i  ^^   '^^ 

14.  White  sandstone  with  red  bands .' 600  feet. 

15.  Space  covered  up )  1,500  feet  to  2,000 

16.  Red  sandstones  : >   '         felt 

17.  Coarse  white  and  red  mottled  sandstones.  ) 
•a.  18.  Granite. 

The  thicknesses  in  this  section  are  for  the  most  part  estimated.  The 
letters  conespond  with  those  in  Fig.  1.  Beds  14  to  17  will  still  have  to 
be  considered  as  Triassic  (!)  both  from  their  general  character  and  their 
position.  Although  there  are  exposures  of  these  red  sandstones  all 
along  the  edge  of  the  foot-hills  from  Denver  southward,  I  could  find  in 
tbem  no  fossils,  even  after  the  most  careful  search.  They  are  for  the 
most  part  so  coarse  in  their  texture  as  to  be  unfavorable  for  the  preser- 
vation of  animal  remains.  The  space  No.  15  in  the  section  is,  in  all 
probability,  filled  with  red  sandstone,  of  which  No.  16  is  the  continua- 
tion. In  No.  14,  the  whit^  portions  are  somewhat  conglomeritic,  while 
the  red  bands  are  fine  grained  and  calcareous.  The  red  bands  vary  in 
thickuess  from  4  feet  to  6  feet,  while  the  others  are  20  feet  to  30  feet  at  this 
place.  As  we  go  south,  )iowever,  we  find  that  these  sandstones  are  very 
irregular  in  structure.  No.  13  is  a  blood-red  limestone,  somewhat  irreg- 
nlar  in  structure,  but  very  hard.  Although  it  contains  no  fossils,  I  am 
inclined  to  consider  it,  together  with  beds  9, 10,  and  11,  as  of  Jurassic 
age.  Space  No.  12  is  filled  most  likely  with  limestones,  while  in  space 
No.  8  we  have  at  the  top  greenish  shales  passing  down  into  limestones 
with  the  gypsum  bed,  as  seen  in  some  of  the  sections  made  farther 
south.  The  pink  calcareous  shales  (No.  10)  pass  gradually  into  the 
limestones  (No.  11)  in  which  there  are  large  flinty  pebbles.  All  the 
beds  covered  up  in  space  8  are  probably  Jurassic.  That  these  beds 
from  No.  8  down  to  No.  13,  inclusive,  should  be  referred  to  that  age,  is, 
I  think,. scarcely  to  be  doubted,  not  only  from  their  position,  but  also 

*  The  letters  given  in  the  sections  refer  to  the  iUustrations. 
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from  the  lithological  identity  with  beds  that  are  undoubtedly  Jurassic  in 
the  following  section  made  by  Dr.  Hayden  at  Box  Elder,  in  1869.  The 
following  is  the  section  made  b^^  him  in  ascending  order:* 

1.  Brick  red  sandstone,  witb  irregular  laming,  and  all  the  usual  signs  of 
currents  or  shallow  water.  Some  of  the  layers  loosely  laminated, 
causing  projections.    Thickness,  300  feet  to  400  feet. 

2.  Yellow  or  reddish  yellow  massive  sandstone,  CO  feet. 

3.  Grayish  yellow,  rather  massive  sandstone,  50  feet. 

4.  Ashen  brown  nodular,  or  indurated  clay,  with  deep,  dull  purple 
bands  5  with  some  layers  of  brown  and  yellow  fine-grained  sandstone, 
undoubtedly  the  usual  Jurassic  beds,  with  all  the  lithological  characters 
as  seen  near  Lake  Como,  on  the  Union  Pacific  Railroad.  Near  the 
base  of  these  beds  are  thin  layers  of  a  fine  grained  grayish  calcareous 
sandstone,  with  a  si>ecies  of  Ostrca  and  fragments  of  PentacrinuH 
astericus.  Scattered  through  this  bed  are  layers  or  nodules  of  impure 
limestone,  150  feet  to  200  feet. 

5.  Sandstone  and  laminated  arenaceous  material  varying  in  color  from 
dirty  brown  to  grayish  white,  with  layers  of  fine  grayish-white  sand- 
stone, 200  feet. 

Dr.  Hayden  says,  *'  I  do  not  hesitate  to  regard  the  beds  described  as 
4  and  5  as  of  Jurassic  age,  and  they  are  l)etter  shown  here  than  at  any 
other  i)oint  between  Fort  Laramie  and  the  south  line  of  Colorado,  on 
the  eastern  slope  of  the  liocky  Mountains."  Nos.  1,  2,  and  3  of  this 
section  correspond  to  Nos.  10  to  14  of  the  South  Platte  section,  (No.  1.) 
Beds  Nos.  4,  5,  G,  and  7  of  section  No.  1  form  the  main  hog-back  which 
is  so  consf>icuous  along  the  entire  extent  of  the  foot-hills.  No.  4  forms 
the  summit  of  the  hog- back,  and  is  a  rather  finegrained  uniform 
textured  siliceous  sandstone.  All  these  beds  belong  to  the  Dakota 
group  No.  1  Cretaceous.  Layer  No.  5  contains  a  large  iiercentage  of 
carbonaceous  material,  and  in  it  1  found  fragments  of  le^ives  and  stems. 
Among  the  former.  Professor  Lesquereux  has  recognized  a  ProtcoUles 
very  near  FroteoUles  acutay  (Heer.)  These  shaly  sandstones  weather  of  a 
bluish  color  in  places,  and  are  followed  by  No.  0,  which  passes  into  No. 
7.  The  latter  has  occasional  shaly  bands,  and  in  some  places  instead 
of  being  yellow  the  sandstone  becomes  reddish.  Space  No.  3  is  filled 
in  with  No.  2  Cretaceous,  Fort  Benton  gi'oup,  and  perhaps  a  portion  of 
No.  3  Niobrara  division,  to  which  formation  also  1  refer  the  layers  marked 
Nos.  1  and  2.  No.  2  is  somewhat  sandy,  and  in  places  is  very  dark 
colored,  and  on  being  fractured  has  a  perceptible  bituminous  odor.  It 
contains  quantities  of  Ostren  and  a  few  Inocerami.  East  of  these  beds 
the  country  is  so  leveled  that  the  remainder  of  the  Cretaceous  forma- 
tion and  the  entire  extent  of  the  Tertiary  beds  are  concealed,  being 
covered  by  the  local  drift  from  the  hills.  That  the  Tertiary  layers  are 
not  far  distant,  however,  is  evident,  for  along  the  Platte  River  are  ex- 
posures of  lignitic  sandstones.  After  passing  out  through  the  main 
hog-back,  (Cretaceous  No.  1,)  the  Platte  turns  to  the  northward,  and  its 
course  is  about  north  7°  east.  The  dip  of  the  main  hog-back  at  the 
Platte  River  is  north  05^  east ;  angle  55^  to  00^.  Fig.  2,  Phite  I,  repre- 
sents a  section  made  at  Willow  Creek,  five  miles  south  of  the  Platte. 
The  dip  here  is  north  55°  east ;  angle  of  inclination,  50^  at  the  outside, 
increasing  to  55°  as  we  go  down  to  the  red-beds.  It  is  not  necessary  to 
give  the  beds  of  the  section  here,  as  it  would  be  a  repetition  of  the  order 
given  in  the  Platte  section,  (No.  1.)  They  are  so  much  alike  that  I  will 
refer  only  to  those  where  there  has  been  some  change.  The  thicknesses 
are  about  the  same.  In  No.  14  of  the  Platte  section,  at  this  place,  we  have 

*  Report  for  ieC9,  page  19. 
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merely  indications  of  the  red  bands,  the  prevailing  color  of  the  sandstone 
being  a  creamy  yellow.  The  lower  beds  are  perhaps  deeper  in  color  and 
not  so  much  n»ottledas  at  the  point  where  section  K'o.  1  was  made.  I  was 
unable  to  carry  the  section  any  farther  to  the  eastward.  Willow  Creek 
after  leaving  the  hog-baxiks  turns  and  flows  nearly  northward,  emptying 
into  the  South  Platte  Kiver  live  miles  below  the  canon.  As  we  go 
south  from  Willow  Creek,  the  upturned  edges  of  the  sedimentary  beds 
are  covered  up,  and  between  Jackson  and  Spring  Creeks  we  find  resting 
on  them  sandstones  of  Tertiary  age,  which  reach  to  the  edge  of  the 
hills.  These  sandstones  contain  fossil  leaves  in  which  Professor  Les- 
qnereux  has  recognized  Plaianus  nobilis  and  a  Sabal.  The  beds  are  prob- 
ably lignitic.  On  Jackson  Creek  are  some  well-defined  terraces  sloping 
from  the  ihountains.  On  Spring  Creek  the  sedimentary  ridges  again 
show  themselves,  and  on  Bear  Creek  we  have  them  beautifully  exposed 
in  Pleasant  Park.  This  beautiful  little  park  is  studded  with  pines.  Its 
western  boundary  is  the  range  of  footliills,  while  on  the  east  the  main 
hog-back  (Cretaceous  No.  1)  separates  it  from  the  valley  of  W>st  Plum 
Creek.  Bear  Creek  flows  through  the  park,  cutting  across  the  ridges  at 
right  angles  to  the  strike.  Inside  the  saudstone  wall  we  have  ridges  of 
sandstone  and.  limestone,  giving  the  park  some  most  picturesque 
scenery.  Just  before  i^eaching  the  park,  Bear  Creek  flows  in  a  series  of 
cascades  through  a  deep  and  nan*ow  canon  in  the  foot-hills.  Plate  II 
shows  the  outline  of  a  section  through  Pleasant  Park  Ciistward  sK^ross 
West  Plum  Creek  Valley  to  one  of  tlie  mesas  between  the  two  branches 
of  Plum  Creek.    The  Ibllowing  is  the  section : 

Section  No,  2,  tlirough  Pleasant  Park. 

In  ascending  order: 
a. —  1.  Granite. 

*   2.  Very  coarse  white  sandstone,  80  feet. 

3.  Ked  calcareous  sandstone,  4  feet. 

4.  Dark  purplish  cherty  limestone,  3  feet. 

5.  Compact  red  sandstone  in  layers  of  one  foot  thickness,  with 
cross  seams  of  calcite,  15  feet. 

C.  lied  calcareous  sandstone,  very  hard,  and  with  cross  cleav- 
b.  -l  age  layers  of  one  inch,  3  feet. 

7.  Irregular  limestone,  with  pebbles  of  greenish  chert  and  lime- 
stone, 3  feet. 

8.  Indistinct  outcrop  of  limestone  with  chert  pebbles  and  fos- 
sil ii'erous  :  in  the  ux)per  x)art  of  the  space  we  have  a 
purplish  sandstone,  above  which  is  a  gray  sandstone 
I)as8ing  into  the  next  bed,  6  feet. 

^  c—  9.  Coarse  white  sandstone  loosely  aggregated.    In  the  upper 

part  of  these  beds  there  are  bands  of  red  sandstone  vary- 
J  ing  in  thickness  from  one  to  three  feet,  80  feet. 

)    ,  (10.  Space  covered  up )  ak^«+  -i  kaa  ^-^^f  ; 

'^'  \  11.  Massive  red  sandstones f  \S.i'f^  ^^^^  ' 

(   e. — 12.  Mottled  yellow  and  red  sandstones. 
r      C13.  Space 

14.  Pink  arenaoeous  limestone,  4  feet. . 

15.  Space 

10.  White  limestone,  3  feet 
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17.  Space,  48  feet 


I  18. 


Fine  sandy  limestone  shales,  4  feet 
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I  19.  Pin^  mottled  laminated  shales,  fl  [^y^^^  461  feet  thick. 


{20.  White  limestone,  2  feet 

(21.  Space 

22.  Gypsum,  81  feet 

I  23.  White  sandstone,  22  feet 

I  24.  White  limestone,  2  feet 

( 26.  Space,  100  feet 

t. — 26.  Massive  siliceous  sandstones,  yellowish,  213  feet, 
j.— 27.  Space. 

k. — 28.  Lintestonos,  foasiliferons. 
I. — 29.  Space,  valley  of  West  Plnm  Creek, 

■  30.  Brown  sandijtonc  shales,  2  feet. 

31.  Space. 

32.  Yellow  sandstone  shale,  2  feet. 

33.  Fine  white  sandstone,  0  feet. 
j  34.  Yellow  sandstone,  10  feet. 

'"•  i  35.  Space. 

36.  Yellow  saudstonc,  CO  feet. 

37.  Space, 

38.  Yellow  sandstone,  75  feet. 
30.  Space. 

o. — 10.  Sandstone  conglomerates,  811  feet. 

7>.— 41.  Trachyte,  20  to  30  feet. 
In  ttiia  section  I  am  inclined  to  consider  all  the  beds  from  No.  2  up  to 
the  base  of  ^o.  0  as  Carboniferous,  a  total  thickness  of  about  114  feet, 
^one  of  these  lower  beds  seem  to  agree  with  the  Silurian  layers  in  Glen 
Eyrie,  nor  with  those  found  west  of  the  range  on  Trout  Greek.  I  havo 
therefore  referred  tbem  all  to  the  Gnrboniferous.  Future  investigation 
may  modify  this  view.  The  fossils  found  in  No.  8  (Terebratula  and 
Spiri/erina,)  prove  it  to  be  Garboniferous  beyond  doubt.  Layer  No.  9  is 
the  same  as  No.  17  in  the  Flatte  Kiver  section,  (No.  1,)  and  is  the  lower 
portion  of  the  Triassic.  Nos.  9, 10, 11,  and  12,  comprehend  the  beds  that 
we  have  in  Nos.  14,  15, 16,  and  17  of  the  Platte  section,  (No.  1.)  Here, 
however,  tliey  do  not  appear  to  be  so  thick.  The  difference  may  be  ap- 
parent rather  than  real,  as  the  thicknesses  in  both  cases  are  only  esti- 
mated. The  red  sandstones  (No.  11)  are  niasHivo,  and  present  the  same 
characters  we  have  seen  in  the  same  beds  all  the  way  from  the  I'latie 
southward.  Space  No.  10  is  probably  filled  with  an  extension  of  these 
beds  into  those  of  No.  0.  Tlie  red  sandstones  in  the  opiter  part  of  No. 
0  are  of  a  dark  purplish  color.  The  angle  of  dip  of  the  lower  beds  (No. 
2  to  9  inclusive)  is  lO^j  at  No.  12  the  dip  has  increased  to  30°.  The 
red  sandstones  are  not  abruptly  succeeded  by  the  yellow  sandstones  of 
No.  12,  hut  there  is  a  gradual  change,  the  upper  part  of  No.  11  Iwing 
somewhat  faded,  while  in  the  lower  part  of  No.  12  we  find  streaks 
and  spots  of  nnl.  These  variations  in  color  give  the  bluff  on  which  they 
are  exposed  a  rich  and  beautiful  appearance.  In  the  upper  )>iirt  the 
sandstones  of  No.  12  become  very  light  colored.  Space  13,  as  indicated 
by  several  indefinite  outcrops,  most  be  tilled  with  the  continuatiou  of 
the  sandstones  of  No.  12.  The  dip  on  the  summit  of  the  rlilge  is  north 
65°  east.  In  No.  14  we  have  the  lowest  of  the  beds  that  I  have  con- 
sidered as  Jurassic,  extending  up  to  sj>ace  25.  Near  the  top  of  No.  10 
is  a  layer  having  a  very  irregular  structure,  and  containing  cavities  liued 
with  crystals  of  calcite.  The  liiminatiou  is  most  decided  at  the  bottom. 
The  gypsum  bed  (No.  22)  is  well  exposed  hei'e.  "As  we  have  it  again 


f 


,/i 


111 


i 


• 


FEALE.] 


GEOLOGY — SECTION   NO.    2.  199 


near  Colorado  City,  it  probably  continues  southward  uninterruptedly. 
It  can  be  traced  northward  as  far  as  Spring  Creek,  but  above  that 
point  seems  to  be  covered.  Whether  or  not  it  is  present  at  the 
the  Platte  River  I  could  not  determine,  as  the  space  where  it  wouM  be 
louud  was  covered  so  that  all  the  beds  were  totally  concealed.  The 
space  (No.  21)  below  the  gypsum  is  probably  filled  with  shales  and  lime- 
stones. That  above  is  filled  with  the  shales  just  below  No.  1  Cretaceous, 
which  is  represented  in  No.  26.  The  general  color  of  these  sandstones 
is  a  yellowish  white,  becoming  pink  below.  No.  27  is  filled,  in  all  prob- 
ability, by  the  sandy  shales  of  Cretaceous  No.  3.  Everything  is  con- 
cealed until  we  reach  28,  where  we  find  the  same  fossiliferous  limestone 
that  we  have  in  bed  2  of  the  Platte  section,  and  outside  of  it  the  out- 
crop of  the  white,  chalky-looking  limestone  with  cross  fracture.  From 
this  outcrop,  which  forms  a  low  ridge  outside  of  the  hog-ba<;ks,  we  have 
no  exposures  until  after  we  have  crossed  West  Plum  Creek,  a  distance 
of  about  three-quarters  of  a  mile.  This  would  give  us,  with  Uie  dip  at 
10°,  a  thickness  of  about  700  feet  of  strata,  mostly  the  shales  of  No. 
4  and  the  upper  part  of  No.  3,  to  which  No.  28  of  the  section  is  referred 
and  of  which  it  forms  the  lower  part.  Beds  30  to  38,  inclusive,  I  have 
referred  to  No.  5  Cretaceous,  although  I  could  find  no  fossils  to  prove 
the  correctness  of  the  opinion.  Their  position  and  lithological  charac- 
ter warrant  their  being  so  considered.  The  dip  of  these  beds  is  about 
200,  The  junction  between  them  and  the  hoiizontal  sandstones  in  the 
butte  shown  in  the  section  could  not  be  seen,  as  the  base  of  the  butte 
is  covered  with  debris.  At  the  base  of  the  butte  is  a  thickness  of 
about  840  feet  of  rather  coarse  sandstones.  Some  of  the  layers  are  rusty- 
colored,  and  they  are  nearly,  if  not  quite,  horizontal.  They  are  capped 
with  a  layer  of  light  purplish  trachyte.  This  capping  is  about  20  feet 
in  thickness.  The  area  of  tbis  mesa  or  table-like  butte  is  about  30 
acres.  As  we  approach  the  Colorado  divide,  the  Tertiary  sandstones 
reach  to  the  mountJiins,  resting  on  the  upturned  edges  of  the  older 
formations.  Plum  Creek  and  its  branches  have  cut  their  valleys 
through  tbese  sandstones  and  conglomerates.  Throughout  the  valley 
of  Plum  Creek  we  find  numerous  mesas,  and  all  that  I  visited  were 
capped  with  trachyte.  The  origin  of  this  volcanic  material  I  was 
unable  to  determine.  These  sandstones  probably  belong  to  the  Mon- 
ument Creek  group,  and  once  extended  to  the  edge  of  the  mount- 
ains along  the  whole  range  as  we  still  see  them  on  the  divide.  The 
j^ummits  ot  the  mesas  show  us  the  origiujil  surface  before  the  eroding 
agents  had  commenced  their  work.  The  Colorado  divide,  or  Pinery,  is  a 
ridge  with  a  mesa-like  top  extending  eastward  from  the  mountains.  It 
is  merely  the  undisturbed  sandstones  of  the  Monument  Creek  group, 
capped  with  the  trachyte  layer,  and  forms  the  water-divide  between  the 
branches  of  Monument  Creek,  which  flow  southward  to  the  Arkansas 
River,  and  the  waters  of  Plum  Creek,  which  empty  to  the  northward  in 
the  South  Plsitte  Kiver.  The  divide  is  well  timbered,  and  is  already  the 
seat  of  an  extensive  lumber  trade.  The  shrill  whistle  of  the  steam  saw- 
mill echoes  and  re-echoes  among  the  hills,  while  the  valleys  are  all  being 
rapidly  settled  and  the  capabilities  of  the  land  for  agricultural  pursuits 
being  demonstrated.  On  the  divide  close  to  the  mountains,  the  eroding 
forces  have  cut  a  narrow  i)ass  in  the  Monument  Creek  group,  and  the 
fragments  of  these  sandstones  iire  seen  resting  immediately  on  the 
granites,  while  to  the  eastward  the  beds  continue  uninterruptedly. 

This  pass  is  about  half  a  mile  in  width,  and  through  it  the  Denver  and 
Eio  Grande  Eailroad  crosses  on  its  way  southward.    In  the  sandy  debris 
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on  the  divide,  and  on  either  side,  very  ^ood  crystals  of  smoky  qaartz 
are  found.  Crossing  the  divide,  we  find  ourselves  on  the  branches  of 
Monument  Creek.  On  this  side,  the  overlying  sandstones  have  been 
subjected  to  less  erosure  than  on  the  north  side,  and  with  the  ex- 
ception of  a  few  indistinct  outcrops  of  the  red-beds  a  short  distance 
south  of  the  divide,  the  underlying  formations  are  concealed  until  we 
get  within  a  few  miles  of  Colorado  City.  Between  the  branches  of  Mon- 
ument Creek  on  the  western  side  we  have  sloping  from  the  mountains 
eastward  long  grassy  terraces.  Monument  Creek  flows  in  a  southerly 
direction,  and  the  general  slope  of  the  country  from  the  divide  is  south- 
ward. As  we  go  down  the  cre«k  the  sandstones  of  the  Monument  Creek 
group  rise  like  long  lines  of  fortifications  and  castle-walls  on  the  eastern 
side.  On  the  western  side  also  we  have  remnants  lelt.  There  are,  just 
south  of  Beaver  Creek,  several  monument-like  forms  that  are  peri'ectly 
isolated.  The  terraces  here  are  about  96  feet  above  the  level  of  the  creek. 
This  height  is  near  the  mouth  of  Deadman's  Creek,  the  first  creek  south 
of  Beaver  Creek.  As  we  go  toward  the  mountain,  of  course  the  eleva- 
tion increases.  Thus  at  the  point  given  above  the  elevation  is  6,592 
feet  above  sea-level.  On  West  Monument  Creek,  three  miles  fartlier 
south,  and  about  two  and  a  half  miles  west  of  the  previous  station,  the 
elevation  is  7,014  feet.  In  Monument  Park  we  find  the  sandstones 
cuiiously  eroded,  so  that  there  are  monuments  and  pillars  scattei*ed 
throughout  its  extent,  from  which  fact  it  derives  its  name.  The  follow- 
ing description  is  mainly  from  the  notes  of  Mr.  Taggart :  The  park  lies 
south  of  West  Monument  Creek,  and  is  an  elliptical  basin,  about  two 
miles  in  length  from  east  to  west,  and  three-quarters  of  a  mile  in  width 
north  and  south.  It  extends  from  Monument  Creek  westward,  whei^  it 
is  bounded  by  the  ridge  of  sandstone  (Cretaceous  No.  1)  which  forms 
the  main  hog-back.  The  columns  and  monuments  are  found  in  two 
ridges  that  run  lengthwise  through  the  park.  These  monuments  are 
from  12  to  25  feet  in  height,  and  are  composed  of  sandstones  of  the 
Monument  Creek  group.  The  lower  third  of  the  exposed  rock  is  fine- 
grained, containing  argillaceous  layers,  and  also  carbonaceous  shales. 
Above,  the  sandstone  is  very  coarse,  becoming  almost  conglomeritic.  It 
is  from  the  breaking  down  of  the^  layers  that  the  local  drift,  found 
along  the  edge  of  mountains,  is  derived.  The  capping  of  the  monu- 
ment is  a  dark  ferruginous  sandstone  conglomerate,  very  hard,  the 
sand  and  pebbles  being  cemented  by  iron.  This  laypr  is  about  12  inches 
thick,  and  being  so  much  harder  than  the  underlying  sandstone,  has 
been  more  successful  in  withstanding  the  eroding  indueuces,  and  in  some 
places  we  see  it  extending  continuously  over  a  number  of  the  columns. 
West  of  Monument  Park,  and  forming  its  boundary  in  that  <lirection, 
we  find  the  massive  sandstone  of  No.  1  dipping  under  the  Monument 
Creek  group.  From  this  point  southward  to  a  point  below  Colorado  City 
we  have  this  sandstone  and  the  underlying  strata  well  shown.  The 
west  section,  perhaps,  is  shown  in  Glen  Eyrie,  a  beautiful  little  canon, 
which  Camp  Creek  has  cut  through  the  granite  and  superimposed  strata 
at  the  **  Little  Garden  of  the  Gods,"  about  two  miles  above  Colorado 
City.  In  the  caiion  the  creek  flows  in  an  almost  easterly  direction. 
After  getting  outside  of  the  hog-back  it  turns  abruptly  and  flows  due 
south  along  the  strike  of  the  ui)turned  shales  and  sandstones. 

The  following  section  is  made  from  Glen  Eyrie,  eastward,  to  Camp 
Creek,  and  is  in  ascending  order  corresponding  with  Fig.  2,  Plate  111. 
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Section  No.  3. 
0.    1.  Granite. 

2.  Coarse  grayish  white  sandstone,  20  feet. 

3.  Coarse  dark-green  sandstone,  4  feet 

4.  CoiU'se  gray  sandstone,  6  feet 

5.  Brick-rexl  sandstone,  with  green  layers, 
20  feet 

6.  Eed  and  greenish  limestone,  5  feet ") 

7.  Irregularly  laminated  limestone,  3  feet. .  | 

8.  lied  limestone,  1  foot y 

9.  lied  shaly  limestone,  1  foot 

10.  Red  limestone,  2  feet 

11.  Ked  limestone,  with  flint  noilules,  7  feet. 

12.  Limestone,  with  iuterlaminated  shales,  7  feet. 

13.  lied  shaly  limestones,  with  fragments  of  fossils,  (Silur.,)  4 
feet. 

14.  Gray  purplish  and  yellow  limestones,  279  feet. 

{ It  ^ve-r^-^dst^ue.::::::::::::::  Jabouti,ooofeet. 

h.  17.  Space  of  200  feet. 

g.  18.  Whit«  sandstone,  becoming  jnnk  below  60  feet. 

19.  Calcareous  shales,  dark  and  light  red,  with  green  layers,  20 
feet. 

20.  Pink-mottled  shales,  1  foot. 

21.  Light-red  sandstone,  2  feet. 

22.  Red  calcareous  shales *•  -  •  I     ^  ^r^nhc^a 

23.  Green  calcareous  shales )    ''  ^^^"^»- 

24.  Brick-red  shales,  6  inches. 

25.  Compact  sandstone,  3  inches. 
2G.  Fine-red  calcareous  shales,  6  inches. 

27.  Sandstone  shale,  6  inches. 

28.  Gray  arenaceous  limestone,  5  feet 
e.  29.  Space,  57  feet. 

<  30.  Gypsum  bed,  67  feet. 

31.  Soft  gray  sandstone,  3  feet. 

32.  Compact  limestone,  2  feet. 

33.  Pebbly  limestone,  2  feet. 

34.  Compact  gray  limestone,  18  inches. 

35.  Hard  calcareous  clay  shales,  4  feet. 

36.  Snace,  49  feet. 

37.  A\  hite  massive  sandstone,  200  feet. 

38.  White  line- grained  sandstone,  becoming  yellow ") 
as  we  go  down ;  again  white  near  the  bot- 
tom, we  have  a  layer  that  is  lignitic,  contain- 
ing fragments  of  stems  and  leaves.  This  is 
just  below  the  yellow  layer  in  which  I  found 
fragments  of  shells  {Ufiujula)  that  were  very 
indistinct 

.2  c.  39.  Space,  150  feet. 

i  {  40.  White  shaly  limestone 

S  I  41.  Bluish  calcareous  and  argillaceous  shales 

►^  <  42.  White  shaly  limestone,  (fossiliferous) 

^  I  43.  Dark-gray  limestone,  (fossiliferous) 

^  (^  44.  White  limestone,  with  cross  fracture 

This  section  extends  over  about  three-quarters  of  a  mile. 

Beds  No.  2  to  No.  14,  inclusive,  have  a  dip  of  only  lOo,  and  are  all 
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older  than  TrioAsic.  From  No.  13  down  all  is  Silnrian.  Perhaps  the 
limestoues  of  No.  14  should  be  referred  to  a  higher  horizon.  Beds  Nos. 
2  to  5  I  have  referred  to  the  Potsdam  group,  while  those  just  above  are 
undoubtedly  of  the  Quebec  group,  as  in  beds  lithologieally  the  same  in 
the  western  side  of  the  range  I  found  characteristic  fossils.  I  found  in 
them  Terehratula  and. Crania,  In  these  beds,  also  in  the  Ut'C  Pass,  in 
18G9,  Dr.  Hayden  found  Ophileta  complanata^  Bucanella  natia^  (Meek,)  and 
other  species,  from  which  Professor  Meek  referred  the  beds  to  the 
Galciferous  division  of  the  Lower  Silurian.*  The  line  of  junction  be- 
tween No.  14  and  No.  16  could  not  be  seen,  a^it  was  covered  with  dibris. 
The  massive  red  sandstones  of  No.  16  (No.  16  of  section  No.  1,  and  Na 
1  of  section  No.  3)  are  here  tipped  5^  past  the  vertical,  and  the  weath- 
ering of  these  ridges  has  given  rise  to  the  i^eculiar  forms  seen  in  the 
"  Garden  of  the  Gods,"  and  which  have  been  fully  described  in  previous 
rei)orts.  These  sandstones  have  here  the  same  general  characters  that 
we  have  noticed  all  along  the  range.  They  are  still  coarse-grained, 
giving  evidence  of  their  deposition  in  shallow  waters.  I  was  unable  to 
get  the  thickness  of  the  beds,  but  estimated  it,  including  No.  18  and 
the  space  between,  at  about  1,0()(>  feet.  From  No.  19  uj)  to  the  bottom 
of  No.  37,  we  have  the  hiyers  that  I  have  considered  as  J  urassic.  In  the 
gypsum  bed  (No.  30)  I  found  some  selenite  and  some  fair  pieces  of  satin 
spar.  Nos.  37  and  38  represent  the  No.  1  Cretaceous,  while  the  space 
just  above,  (No.  39,)  which  is  in  all  probability  filled  with  shales,  be- 
longs to  the  Fort  Benton  group.  Bed  No.  40  is  filled  with  excellent 
specimens  of  Inoceramus,  while  in  No.  43  we  have  quantities  of  Ostrea. 
This  bed  has  the  same  bituminous  odor  on  breaking  that  I  noticed  at 
points  farther  north.  The  dip  of  these  beds  is  about  due  east,  at  an 
angle  of  30^.  This  angle  as  we  go  down  increases  quite  rapidly.  At 
No.  40  it  is  550 ;  at  No.  38  it  is  60©,  and  at  No.  39,  65o  to  70© ;  below 
this  it  decreases  to  50^,  and  at  No.  18  the  bt^ds  are  vertical,  while  the 
red-beds  (No.  16)  are  tipped  past  the  vertical,  as  we  have  alreiidy  seen. 
Between  Camp  Creek  and  Monument  Creek,  a  distance  of  about  two 
miles  and  a  half,  there  is  a  driftcovered  mesa,  in  which  the  beds  are 
entirely  concealed.  They  belong  probably  for  the  most  part  to  No.  4 
Cretaceous,  and  x)erhaps  the  upper  portion  of  No.  3.  In  the  banks  of 
Monument  Creek  we  find  the  upper  portion  of  the  black  shales  of  No.  4. 
In  the  bed  of  the  creek,  a  few  miles  above  Colorado  City,  we  find  a  bed 
of  hard,  bluish  limestone,  which  is  in  thin  layers,  and  contains  Inocera- 
mu8  and  other  cretaceous  fossils.  Above  this  there  are  brownish  and 
black  shales,  all  more  or  less  fossiliferous.  Above  the  black  shales  we 
have  a  thin  layer  of  sandstone,  containing  Baculites  and  Ammonites. 
Above  this  are  sandstones.  Above  the  cretaceous  layers  are  the  lig- 
nitic  beds.  These  have  been  studied  by  Professor  Lesquereux,  and  I 
refer  to  his  report^  for  the  details.  I  will  only  insert  here  a  section 
made  by  him  at  Gehruug's  coal-mine : 

1.  Brown  laminated  fire-clay  or  chocolate-colored  soft  shale,  a 

compound  of  remains  of  rootlets  and  leaves  and  branches 

of  undeterminable  conifers 2  feet. 

2.  Coal,  soft,  disaggregating  under  atmospheric  influence.  - .       2  feet. 

3.  Chocolate-colored  clay-sbale,  like  No.  1,  with  a  still  greater 

proportion  of  vegetable  debrk 6  feet. 

4.  Soft  yellowish  coarse  sandstone  in  bank 8  feet. 

5.  Clay,  shale,  and  shaly  sandstone  cov^ered  slope 130  feet. 

•Report  1870,  Unit<j<l  States  Geological  Survev,  page  287. 
tReport  187if ,  page  3^5. 
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6.  Soft  laminated  clay,  interlaid  by  bands  of  limonite  iron 

ore,  thin  lignite  seams,  and  fossil- wood 88  feet. 

7.  Lignitic  black  clay,  in  banks 32  feet. 

8.  Fine-grained  conglomerate 112  feet. 

9.  Fine-grained  sandstone 4  feet. 

10.  Coarse  conglomerate 7  feet. 

11.  Sandstone 3  feet. 

12.  Ferruginous  hard  conglomerate 32  feet. 

426  feet. 

The  coal  found  here  is  of  poor  quality,  and  at  present  I  believe  the 
mine  is  not  worked.  Professor  Lesquereux  found  the  following  leaves 
in  the  sandstone,  No.  4  of  the  section :  Sabal  leaves,  Platanus  Haydeniij 
Newb.,  Dombeyopsis  obtusa,  Lesq.,  and  Fw^is  tilicefoliaj  A.  Br.  Through 
the  kindness  of  Mr.  France,  of  Colorado  Springs,  1  was  taken  to  an  out- 
crop of  coal  twelve  miles  east  of  Colorado  Springs.  We  could  see  only 
the  top  of  the  coal-bed,  which  was  exposed  in  the  dry  bed  of  a  creek.  I 
was  told  that  the  bed  was  9  feet  in  thickness.  All  the  coal  I  saw  was 
of  very  poor  quality,  having  been  exposed  for  some  time  to  the  weather. 
Just  above  the  coal,  there  is  a  bed  of  chocolate-colored  clay  shale  filled 
with  fragments  of  leaves  and  stems.  This  bed  is  about  2  or  3  feet  in 
thickness,  and  above  it  is  a  very  soft  yellow  sandstone,  in  which  I  found 
impressions  of  leaves,  among  which  Professor  Lesquereux  has  recog- 
nized Rhamnus  Glebumi^  Lesq.,  Sabal  leaves,  Ficus  spectabiliSj  Lesq.,  a 
Pali  UniSy  and  a  Qtierciis.  These  plants  characterize  the  layers  as  be- 
longing to  the  lignitic  group,  as  do  also  the  beds  at  Gehrung'8,  to 
which  they  so  closely  corresi)ond.  The  clay  shale  on  top  of  the  coal  is 
precisely  like  the  clay  of  No.  3,  in  the  section  made  by  Professor  Les- 
quereux, while  the  yellow  sandstone  in  which  I  found  the  foSvsils  is 
evidently  the  same  as  No.  4.  A  short  distance  west  of  this  outcrop, 
there  are  massive  beds  of  white  sandstones  and  conglomerates  corre- 
sponding to  the  sandstones  and  conglomerates  given  in  the  section 
above  the  coal.  These  are  the  beds  that,  seen  from  (Colorado  Springs 
looking  northward,  appear  like  huge  castle-walls.  Even  out  on  the 
plains  they  stand  up  in  blufts.  Just  west  of  them,  at  the  latter 
l)lace,  1  visited  an  opening  that  had  been  made  in  hopes  (not  realized) 
of  finding  coal.  The  shaft  had  been  carried  a  distance  of  about  50 
feet  into  a  lignitic  clay,  corresponding,  I  think,  to  beds  C  and  7  of  the 
Gehrung  section.  All  these  beds  out  in  the  plains  are  nearly  horizon- 
tal, dii>ping  perhaps  3^  to  the  northward. 

Keturning  again  to  the  upturned  sedimentary  formations  near  the 
mountains,  both  the  dip  and  strike  vary  considerai>ly.  Thus,  in  the  Cre- 
taceous layers  on  Camp  Creek,  it  is  30^  at  the  point  where  section  No. 
3  was  made.  This  dip  was  taken  on  bed  44  of  section  No.  3.  It  repre- 
sents a  portion  of  the  Fort  Benton  group.  Following  this  to  the  south- 
ward, we  find  the  dip  increases  rapidly.  On  the  higli  ridge  of  Creta- 
ceous No.  1,  beds  37  and  38  of  section  3,  near  Glen  Eyrie,  it  is  05^  to 
70O.  Going  south,  and  crossing  the  *'  Fontaine  qui  boule,"  the  beds 
incline  past  the  vertical;  and  still  farther  soiith,  on  Bear  Creek,  they 
are  vertical.  The  dip  then  tlecreases  after  crossing  Bear  Creek.  As  we 
go  westward,  however,  to  the  older  formations,  the  angle  of  inclination 
is  very  much  smaller.  Thus  in  Glen  Eyrie  it  is  only  IIP,  while  in  the 
Ute  Pass  the  older  sandstones  rest  upon  the  granites,  incliiung  at  vari- 
ous angles,  but  never  exceeding  20^.  Returning  again  to  the  hogback, 
we  observe  in  Fig.  1,  Plate  IIL,  that  the  strike  also  varies.    Opposite 
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Glen  Eyrie  it  is  north  and  south.  This  turns  slifjhtly  to  the  e;istwan1, 
until  we  reach  the  "Fontaine  qui  boule,"  when  there  is  rather  an  abrupt 
turn  to  the  west.  Between  tlie  "  Fontaine"  and  Bear  Creek  the  strike  is 
N.  40^  east  to  S.  40'^  west.  Where  the  strata  cross  the  creek  is  still 
another  turn  to  the  eastward,  and  the  strike  here  is  north  25^  east. 
On  the  south  side  of  the  creek  is  a  more  abrupt  turn,  and  the  strike  is 
south  15^  east.  From  this  point  soutliward  the  beds  are  entirely  con- 
cealed, and  do  not  appear  again  until  we  j^et  south  of  Cheyenne  Mount- 
ain, where  they  are  in  Dr.  Endlicirs  district,  and  will  be  considered  in 
his  reiK)rt. 

In  section  No.  3,  we  have  seen  that  the  lower  beds  {Silurian)  dip  at 
an  angle  of  only  10^,  while  the  red-beds  (Triassicf)  just  above  ai-e 
tipped  59  degi-ees  past  the  vertical,  and  that  the  inclination  of  the 
succeeding  layers  becomes  less  and  less  as  we  go  eastward,  until  on 
Monument  Creek  it  is  only  o^.  This  variation,  especially  the  abrupt 
change  from  the  Silurian  to  the  Triassic,  can,  I  think,  be  best  explained 
as  follows:  After  the  deposition  of  the  Silurian,  and  possibly  tlie  Car- 
boniferous beds,  there  was  an  elevation  of  the  range  north  of  Pike's 
Peak,  the  peak  itself  being  the  cent^ir  of  elevation.  Succei»ding  this, 
we  have  the  period  during  which  the  red  sandstones  were  deposited. 
These  l)eds  near  the  Silurian  shore  had  a  slight  inclination,  perhaps  only 
a  fraction  of  a  degree.  Then,  alter  the  deposition  of  the  I'ed  Siindstones 
and  the  succeeding  layers,  there  was  a  second  elevation  of  comparatively 
modern  date,  which  tii)ped  up  the  sedimentary  formations  as  we  now 
find  them  along  the  entire  range.  This  force  at  the  foot  of  Pike's  Peak 
caused  the  slightly-inclined  red-beds  to  be  tipped  past  the  vertical. 
The  following  explanation  also  is  possible :  It  may  be  that  the  difference 
in  the  angle  of  inclination  is  due  simply  to  a  fold,  and  that  the  red  sand- 
stones that  we  ought  to  find  resting  on  No.  14  of  section  No.  3  have  from 
their  softness  been  entirely  removed,  leaving  only  the  vertical  portions. 
If  this  be  so,  we  should  expect  to  discover  beneath  the  surface  that  the 
lower  limestones  conform  to  the  Triassic  beds,  (No.  16,  section  3.)  The 
case  then  would  be  analagous  to  that  near  Golden,  which  is  described 
in  Mr.  Marvine's  report. 

At  the  foot  of  Pike*s  Peak,  around  the  northeast  side,  during  the 
Silurian  age,  a  bay  probfibly  extended  in  to  the  westwanl.  That  it  ever 
extended  across  to  the  west  side  is  exceedingly  improbable.  The  beds 
extend  farther  up  on  the  hills  here  than  at  any  other  [)oint  north  of 
ihe  peak.  At  the  South  Platte  Kiver,  in  section  No.  1,  the  Triassic  (?) 
sandstones  rest  immediately  upon  the  granite,  and  it  is  not  until  we 
get  some  distance  south  that  we  have  any  older  beds  exposed.  At  Pleas- 
ant Pnrk  we  have  Carboniferous  beds  beneath  the  Triassic  layers,  but 
it  is  not  until  we  get  to  Glen  Eyrie  that  undoubted  Silurian  shows  itself. 
That  both  the  Silurian  and  Carboniferous  layers  are  beneath  the  i-ed- 
beds  (Triassic  ?)  along  the  entire  range  is  scarce  ly  to  be  doubted.  Their 
non-appearance  to  the  northward  can  be  readily  explained.  The  force 
that  elevated  the  range  radiating  from  the  center  at  Pike's  Peak,  and 
very  likely  also  from  Mount  liivaus  to  the  northeast  from  the  first  point 
and  eastward  from  the  second,  caused  a  general  elevation  of  the  plains 
to  the  northeast  and  east.  This  elevation  wonld  enlarge  the  ancient 
sea-border,  and  cause  the  succeeding  dei)Osits  to  overlap  the  older  ones, 
and  therefore  rest  immediately  on  the  gr*anite. 

The  same  effect  might  of  course  have  been  produced  by  a  general  de- 
l>ressiou  of  the  country.  In  this  case,  however,  I  think  it  is  improbable 
that  depression  has  been  the  cause.  All  the  facts  seem  to  point  toward 
an  elevation.    The  overlai)ping  diminishes  as  we  go  southward.    The 
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difference  in  dip  between  the  Silurian  and  the  TriaBsic  in  section  No.  4, 
also  points  to  an  elevation  rather  than  depression.  Near  Pike's  Peak 
the  force  was  direct  enough  to  elevate  the  Silurian  layers  above  the  sea, 
and  cause  them  to  form  part  of  the  shore-line,  while  the  border  of  the 
sea  retreated  to  the  eastward.  To  the  north  and  northeast,  however, 
the  force  was  more  widely  distributed,  the  elevation  more  general,  and 
we  have  the  margin  of  the  sea  more  to  the  westward.  The  widening  of 
the  sea-borders  would,  of  course,  result  in  a  shallower  sea,  and  the  char- 
acter of  the  red  sandstones  i>oints  to  a  comparatively  shallow  sea  during 
iheir  formation,  while  their  structure  shows  them  to  have  been  derived 
in  all  probability  from  the  red  porphyritic  granite  found  along  the 
mnrgin  of  the  foot-hills  from  Denver  southward. 

Pike's  Peak  is  composed  of  a  very  fine-grained  reddish  granite.  It  is 
a  question  whether  the  rock  is  eruptive  or  metamorphic;  I  incline,  how- 
ever, to  the  opinion  that  it  is  metamorphic.  About  the  base  of  the  peak 
I  found,  rather  abundantly,  good  crystals  of  amazon  stone  (green  feld- 
spar) and  smoky  quartz. 

It  is  doubtful  whether  the  sedimentary  beds  ever  extended  across  the 
range  of  foot-hills  from  the  east  to  the  west  side.  There  is  no  positive 
evidence  anywhere  along  the  range  that  they  did.  No  remnants  are  to 
be  found  on  the  plateau,  and  it  is  scarcely  probable  that  the  beds  would 
have  continued  uninterruptedly  across  without  having  left  some  trace. 
The  nearest  approach  is  near  the  foot  of  Pik^s  Peak,  where  the  older 
formations  extend  for  some  distance  up  on  the  hills  near  the  Ute  Pass; 
but  this,  as  I  have  before  said,  is  due  to  the  existence  here,  during  Silurian 
times,  of  a  bay  extending  to  the  westward.  I  do  not  think  it  reached 
to  the  head  of  West  Creek,  although,  as  we  will  see  further  on,  the  Silu- 
rian beds  on  Trout  Creek  are  exactly  like  those  in  Glen  Eyrie.  Taking 
a  general  view  of  the  sedimentary  formations  along  the  eastern  flank  of 
the  mountains,  we  see  that  the  red  Siindstones  have  their  greatest  devel- 
opment near  the  exit  of  the  South  Platte  from  the  mountains,  and  that 
as  we  go  southward  they  become  much  thinner.  This  is  shown  by  the 
sections  in  Plate  IV.  In  No.  1,  the  section  at  the  Platte,  the  red-beds 
have  an  approximate  thickness  of  2,000  feet,  which  at  Pleasant  Park, 
No.  2  in  the  plate,  has  decreased  to  1,280  feet.  At  Camp  Creek,  sec- 
tion No.  3  in  the  diagram,  I  was  unable  to  ascertain  the  exact  thickness, 
as  the  line  of  junction  between  the  red-beds  and  those  next  below  was 
very  obscure.  I  have,  however,  estimated  the  thickness  at  1,000  feet. 
With  the  exception  of  No.  1  Cretaceous,  the  other  beds  also  decrease  to 
the  southward,  as  seen  in  the  diagram. 

Considering  the  strike,  we  find  that  north  of  the  divide,  or  Pinery  as 
it  is  sometimes  called,  it  is  very  uniform.  Thus,  at  the  Platte,  it  is  north 
2o^  west ;  at  Willow  Creek,  north  35^  west  j  and  at  Pleasant  Park, 
north  3(P  west.  Below  the  divide  is  a  turn  to  the  westward,  and  east 
of  Glen  Eyrie  the  strike  is  north  and  south.  From  this  point,  as  we 
have  already  seen,  the  strike  changes.  I  have  already  treated  of  the 
dips. 

The  Garden  of  the  Gods,  the  springs,  and  the  vorious  beautiful  canons 
about  the  foot  of  Pike's  Peak  have  been  so  fully  described  in  x)revious 
reports  that  I  will  but  refer  to  them  here.  It  is  to  their  attraction,  per- 
haps, that  Colorado  Springs  and  the  village  of  Mauitou  owe  their  pros- 
pjerity.  Within  a  year  the  former  town  has  more  than  doubled,  both  in 
size  and  population.  At  Manitou  is  a  large  hotel  for  the  accommodation 
of  the  visitors  that  every  summer  resort  to  the  springs.  There  are  also 
many  beautiful  cottages  about  the  springs,  and  the  springs  themselves 
are  inclosed  in  tasteful  pavUions. 
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It  will  be  necessary  here  to  give  only  tbis  year's  obserrations,  and 
for  details  tbe  reader  is  referred  to  the  reports  of  1869  and  1872. 

The  water  from  one  of  the  springs  has  been  devoted  to  l>aClung  pnr- 
poses,  and  is  conducted  iu  iron  pipes  from  the  spriag  .to  bath-hoDses 
near  by.    The  following  temperatures  were  takeu  by  Mr.  Taggart : 


Tcmperaturea  June  12,  1873 
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Spriug  on  road  ue 

The  Shoshone,  the  Navajo,  the  ]SIanitou,  aad  the  Comaucne  are  oa 
the  "Fontaiae  <]ni  bouit^"  all  being  on  the  right  biiak  except  tbeMani- 
tou.  The  Shoshone  gives  off  a  great  deal  of  gas,  the  Navu,jo  a  modinm 
qnautity,  whilo  the  Miiniton  gives  oat  very  little.  The  latter  has  the 
best  tasting  water.  The  Iron  TJte  and  the  Little  Chief  are  on  Eux- 
ton's  Creek,  a  short  distance  above  the  "  Fontaine." 

Tliey  are  distiugnishcd  b.v  having  a  larger  percentage  of  iron  than  any 
of  the  rest.  The  "Little  Chief"  gives  off  a  moderate  amount  of  gas 
irregularly,  while  the  "  Iron  Ute  "  is  quiescent.  The  last  spriug  givea 
in  the  second  table  is  on  the  bank  of  the  Fontaine,  near  the  Utc  Pa«8 
road,  a  short  distance  below  the  falls.  Its  water  is  very  agreeable  to 
the  t^iste,  but  us  the  spring  is  some  distance  from  the  others,  it  is  nut  so 
generally  used.  Leaving  tbe  eastern  side  of  the  mountains,  we  fol- 
lowed the  "Fontaine"  to  its  headf  through  the  beautiful  and  picttiresqae 
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canon  which  it  has  cat  in  the  granite.  Near  the  head  of  the  creek  we 
again  meet  with  the  sedimentary  formations,  having  a  dip  to  the  north 
and  northwest.  Following  the  beds  to  the  northward,  the  dip  tarns  more 
and  more  to  the  west.  The  northerly  dip  is,  therefore,  the  resalt  of  the 
elevation  of  the  mass  of  which  Pike's  Peak  is  the  center.  Leaving  the 
Fontaine,  we  cross  to  the  head  of  Troat  Creek,  the  branches  of  which 
drain  the  country  to  the  northwest  of  Pike,  and,  flowing  northward 
through  Bergen  Park,  empty  into  the  South  Platte  in  the  canon.  At 
the  extreme  head  the  creek  is  among  granites  and  schists.  Just  above 
Bergen  Park  the  main  stream  flows  through  a  small  canon,  in  which  we 
have  outcrops  of  a  dark  purplish  red  sandstone,  seemingly  very  much 
metamorphosed,  and  having  a  dip  to  the  east.  Just  above  this  is  a  soft, 
grayish  sandstone,  on  top  of  which  is  a  red  sandstone  like  that  beneath. 
These  outcrops  are  indistinct,  and  the  angle  of  dip  could  not  be  ascer- 
tained. Emerging  from  this  canon  we  come  out  into  an  open  valley,  in 
which  there  is  a  small  settlement  clustered  about  a  saw-mill.  The  rocks 
are  all  covered  with  debris^  and  the  eastern  side  is  so  heavily  timbered 
that  little  can  be  seen.  As  we  approach  the  range  to  the  eastward  we 
will  doubtless  And  the  same  beds  that  we  see  so  well  exposed  to  the  north- 
ward with  a  westerly  dip.  At  the  lower  end  of  the  valley  the  creek  enters 
a  caiion^of  about  a  mile  and  a  half  in  length,  in  the  granites,  from  which 
it  flows  into  Bergen  Park.  The  park  is  about  eight  miles  in  length,  and 
will  average  about  three  in  width.  It  is,  I  think,  the  axis  of  a  synclinal 
fold,  although  1  cannot  be  positive,  as  everything  on  the  western  side 
is  so  much  obscured.  The  beds  seen  in  the  small  canon  referred  to 
above  dipping  to  the  east,  and  a  few  indefinite  exposures  farther  south 
seeming  to  dip  in  the  same  direction,  point  toward  the  existence  of  a 
synclinal  fold,  the  center  of  which  is  filled  with  red  sandstones,  (Triassic.) 
Through  this  park  the  creek  flows  in  a  direction  a  little  west  of  north. 
At  the  lower  end  we  have  monument-like  masses  of  red  standstone  re- 
sembling those  seen  east  of  the  mountains.  These  red-beds  have  a 
westerly  dip,  and  incline  at  very  low  angles,  not  exceeding  10°  to  15o. 
At  the  lower  end  of  the  park  the  creek  enters  a  caiion-like  valley, 
which  is  about  a  quarter  of  a  mile  in  width.  At  the  entrance  to  this 
valley  there  are  on  either  side  the  massive  red  sandstones  which  on  the 
west  side  rise  in  high  blufl's.  On  the  east  side  the  surface  of  the  country 
is  utoro  rounded  and  smoothed  ofl*,  while  we  have  numerous  canons  cut 
by  the  streams  that  drain  the  western  side  of  the  Front  range.  Fol- 
lowing up  the  first  small  creek  that  joins  the  main  stream  after  it  en- 
ters the  valley,  we  observe  that  the  red-beds  become  lighter  and  lighter 
in  color  until  they  are  pink.  They  are  also  conglomeritic.  These  lower 
layers  are  followed  by  massive  white  limestone ;  this  limestone  is  suc- 
ceeded by  white  and  pink  shaly  limestones,  which  are  superimposed  on 
sandstones  that  rest  on  the  granite. 

The  following  is  a  section  from  the  red-beds  down.    The  thicknesses 
are  estimated : 

1.  Red  beds. 

2.  lied  and  i)ink  conglomeritic  sandstone 50  feet. 

3.  White  massive  limestone (  inAftuif 

4.  Shaly  white  limestone  )  iwieet. 

5.  Pink  limestone,  somewhat  shaly 30  feet. 

0.  Green  sandstone 4  feet. 

7.  Brown  purplish  sandstone 6  feet. 

8.  Yellow  sandstone. 

9.  Granite. 
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The  angle  of  iDclination  is  5  to  lO^. 

As  we  go  down  Trout  Creek  the  sedimentary  beds  are  influenced  by 
the  ma«8  of  mountains  to  the  northward.  The  strike  of  the  beds 
crosses  the  creek,  and  instead  of  the  bluffs  on  the  west  side  of  the 
creek  being  red  sandstones,  they  are  first  the  massive  white  limestone 
and  then  the  pink  limestones  underlaid  with  sandstone!  The  .creek 
then  enters  a  grauite  caiion,  which  has  here  and  there  isolated  points 
capped  with  remnants  of  the  sandstones  uuder  the  limestones  of  the  sec- 
tion given  above.  The  dip  as  we  go  down  the  creek  changes  more  and 
more  to  the  southward  until,  just  above  the  canon^  it  is  south  25^  west. 
Still  farther  below  it  is  south  So^  west.  The  following  sections  are  made 
across  Trout  Creek,  just  above  the  caiion,  the  head  of  which  is  a  few 
miles  below  the  foot  of  Bergen  Park.  Section  No.  4  is  made  through 
the  bluff  on  the  west  side,  while  No.  5  is  made  on  the  east  side ;  both 
are  in  ascending  order: 

No.  4.        No.  5. 
Feet.        Feet. 

1.  Granitic. 


G5 


2.  Yellow  sandstone )  r-Q  ^ 

3.  Pinkish  sandstone   )  '  ) 

4.  Darky  purplish-brown  sandstone 16  13 

5.  Gre-eu  sandstone 4  3 

6.  Blood-red  calcareous  sandstone >  n±  {  /in 

7.  Pink  limestones )  '^*  )  ^ 

Beds  No.  6  and  7  are  fossiliferous,  and  belong  in  all  probability  to  the 
Quebec  group,  while  the  sandstones  below  are  Potsdam.  In  No.  6  I 
found  Lingiilepis  and  Obohis,  and  in  No.  7  an  Orthia^  which  Professor 
Meek  says  is  very  much  like  0.  desmopletira^  Meek.  Also,  EuomphaluSy 
^Asaphus,  {MegalanpiSj)  Conocoryphe,  Lingula^  Bathyurtis,  oxid  Paradoxides 
or  Okmis.  On  the  east  side  of  the  creek,  in  bed  No.  2,  are  several 
small  faults,  which  are  merely  local.  In  the  caiion  the  course  of  the 
creek,  instead  of  being  north,  is  about  northwest.  It  is  there  joined  by 
West  (]reek,  which,  for  most  of  its  course,  is  parallel  to  Trout  Creek, 
from  which  it  is  separated  by  a  granite  ridge.  The  caiion  at  the  time 
of  the  year  we  visited  it  was  impassable.  Ascending  the  hills  we  see 
all  about  us  patches  of  sedimentary  beds.  lu  some  places  we  have 
merely  |)ortions  of  the  lower  yellow  sandstone,  mostly  soft,  but  often 
quartzitic,  while  in  other  places  we  will  see  all  the  sandstones  and  por- 
tions of  the  overlying  pink  limestones.  Fig.  —  is  a  section  from  West 
Creek  across  Trout  Cre<^k  and  the  plateau  e^istward  to  Pleasant  Park,  a 
distance  of  about  eleven  miles.  It  will  be  seen  that  the  dip  on  the  west 
side  of  the  range  is  very  much  less  than  it  is  on  the  east  side,  and  that 
the  beds  extend  farther  up  on  the  plateau.  This  appears  to  indicate 
that  the  beds  may  have  extended  across  the  range.  Section  No.  6  was 
made  at  the  point  marked  C  in  the  Fig.  1,  Plate  Y,  and  is  from  below 
upward. 

Section  Xo,  G. 

Thiekuess 
in  feet. 

1.  Red  limestone,  (fossiliferous) 26 

2.  Light  shaly  limestone 20 

3.  Red  limestone )^^ 

4.  Pmplish  sandstone , . .   , ) 

5.  Mottled  limestone . .      3 

G.  Yellowish- white  limestone 20 

103 
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The  16wer  part  of  tUe  bluff  is  covered  with  dibris^  but  as  seen  from 
the  other  sections  made  near  this  locality,  is  probably  composed  of  the 
Potsdam  sandstone.  Bed  No.  1  contains  Orthis,  Bathyurus  Saffordi,  (Bil- 
lings,) and  Lingulepis  or  Lingula,  Whether  the  yellow  limestone,  bed 
6,  belongs  to  the  Silurian  or  to  the  Cai-boniferous  is  uncertain.  Careful 
search  revealed  no  fossils.  I  think  it  probable  that  it  is  the  equivalent 
of  the  Niagara  limestone.  The  angle  of  inclination  of  these  beds  is  15o. 
Just  above  we  have  beds  of  massive  white  limestone.  Goiug  westward 
we  pass  over  a  rolling  country  which,  as  a  few  outcrops  indicate,  is  un- 
derlaid by  soft  red  and  gray  sandstones,  the  latter  being  above  the  red- 
beds,  and  dipping  at  an  angle  of  from  10°  to  12o.  We  then  begin  to 
ascend  the  hills,  and  find  them  so  covered  with  dibris  that  very  little 
can  be  seen.  1  think,  however,  that  the  illustration,  Fig.  1,  Plate  V, 
presents  the  correct  view  of  the  beds.  The  ridge  above  West  Creek  is 
granitic,  giving  a  red  d4biris.  The  elevation  of  the  ridge  is  about  7,556 
feet. 

Returning  to  the  east  side  of  Trout  Creek  and  following  one  of  the 
little  streams  toward  its  source,  we  find  that  only  the  Silurian  layers  are 
to  be  seen  resting  on  the  granite.  Section  No.  7  is  made  at  the  point 
B  in  Figs.  1  and  2,  Plate  V. 

Section  No,  7. 

ThickDess 
iu  feet. 

1.  Granitic. 

2.  White  and  yellowish  sandstone 43 

3.  Pink  sandstone ^^  V67  ff 

4.  Dark  purplish-brown  sandstone 5  ^ 

5.  Green  sandstone 3 

6.  Brick-red  shaly  limestone 19 

7.  Pale-pink  and  gray  limestones 16 

8.  Pink  limestones. 

About  6  feet  below  the  top  of  bed  No.  3  is  a  layer  of  pink  quartzite 
which,  at  the  point  where  the  section  was  made,  was  only  2  feet  in  width. 
On  following  the  bed  northward,  however,  it  increases  to  4  or  5  feet.. 
At  the  top  of  No.  3  is  a  shaly  layer  2  feet  thick,  in  red  and  pink  bands* 
Nos.  4  and  5  are  alike  except  in  color.  They  are  very  coarse-grained, 
and  soft.  The  red  limestones  (No.  6)  are  full  of  green  spots,  probably 
glauconite.  In  the  limestones  the  same  fossils  occur  that  we  found  on 
Trout  Creek.  They  cap  the  hill.  Between  B  and  C  in  the  figures  on 
Plato  V  huge  granite  boulders  are  strewn  over  the  surface.  The  granite 
is  soft,  and  readily  disintegrates.  The  feldspar  is  red  orthoclase  and  the 
mica  black.  Masses  in  some  places  have  weathered  into  forms  resem- 
bling those  found  in  Monument  Park.  At  the  point  C  we  have  only 
the  lower  sandstone,  beds  2  and  3,  and  those  here  seem  to  be  much 
changed.  Standing  on  this  hill  we  see  all  about  us  similar  monuments 
capped  with  fragments  of  beds.  We  can  also  see  Platte  Mountain,  to 
which  we  have  alluded  before.  There  seems  to  be  a  lino  of  these  jagged 
granitic  points,  the  course  of  which  is  northwest  and  southeast^  Platte 
Mountain  and  the  Palisades,  near  the  Platte  River,  being  the  most  prom- 
inent. South  of  Platte  Mountain  these  detached  points  show  merely  the 
general  course.  A  comparison  of  the  sections  given  above  shows  that 
the  Potsdam  group  is  represented  by  sandstones  having  a  thickness  of 
from  60  to  80  feet,  while  the  beds  that  represent  the  Quebec  group  are 
a  little  over  100  feet  thick.  Comparing  with  the  section  (No.  3)  made 
at  Glen  £yne,  we  see  that  the  beds  on  the  west  side  of  the  range  are 

14  G  s 
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thicker.  Thus,  iustead  of  60  to  80  feet  of  the  Pptsdam,  in  Glen  Eyrie, 
we  have  only  40  feet.  The  beds  correspond,  beds  2  to  5  of  section  'So. 
4  being  the  same  as  2  to  5  of  No.  7.  So  it  is  with  tlie  limestones  above. 
At  lileu  Eyrie  we  have  73  feet  where  there  are  over  a  liundred  on  Treat 
Creek.  Bed  14,  of  section  No.  3,  is,  1  think,  the  same  as  the  white 
limestone  above  the  pink  shaly  limestones  on  Trout  Creek.  Returning 
again  to  the  head  of  Trout  Creek  we  cross  into  llayden  Park.  This 
name  has  been  given  to  the  low  rolling  country  to  the  west  of  Pikers 
Peak.  Hayden  Park  is  drained  by  Trout  Creek,  West  Ci-eek,  and 
Beaver  Creek.  The  hitter  tlows  to  the  northwest,  and  empties  into  the 
South  IMatto  just  below  the  upper  cation.  Altout  iive  miles  from  its 
mouth,  around  the  settlement  of  Florissant,  is  an  irregular  basin  filled 
with  modern  lake  deposits.  The  entire  basin  is  not  more  than  five 
miles  in  diameter.  The  deposits  extend  up  the  branches  of  the  creek, 
which  all  unite  near  Florissant.  Betw(^en  the  bninches  ai^e  granite 
islands  appearing  above  the  beds,  which  themselves  rest  on  the  gmuite. 
Just  below  Florissant,  on  the  north  side  of  the  ix)ad,  are  bluffs  not  over 
50  feet  in  height,  in  which  are  good  exposures  of  the  various  beds. 
The  following  section  gives  them  from  the  top  downward : 

1.  Coarse  conglomeritic  sandstone. 

2.  Fine-grained,  soft,  yellowish  white  sandstone,  with  bands  that  are 

more  or  less  argillaceous,  and  containing  fragments  and  stems  of 
leaves. 

3.  Coarse  gray  and  yellow  sandstone. 

4.  Chocolate  colored  clay  shales  with  fossil  leaves.    At  the  upper  part 

these  shales  are  black  and  below  pass  into 
6.  Whitish  clay  shales. 

These  last  form  the  base  of  the  hill.  The  beds  are  all  horizon- 
tal. Scattered  around  are  fragments  of  a  tracliyte  which  probably 
ca|)s  the  beds.  In  one  of  the  valleys,  Mr.  Taggart  discovered,  near  an 
old  well,  pieces  of  trachyte,  which,  on  looking  at  t!ie  excavation,  was 
found  to  be  the  first  layer  penetrated.  The  point  of  overflow  from  which 
this  material  came  is  probably  to  the  southward,  in  Dr.  Endlich's  dis- 
trict. The  lake  basin  may  possibly  be  one  of  a  chain  of  lakes  that  ex- 
tended southward.  I  had  thought  it  possible  that  the  beds  were  of 
JPliocene  age.  The  specimens  obtained  from  bed  No.  4,  of  the  section 
above,  were  submitted  to  Professor  Lesquereux,  who  informs  me  that 
they  are  "  Upper  Tertiary."  "But  I  do  not  believe,  as  yet,  that  the 
specimens  of  the  Green  Eiver  group  to  which  your  species  arc  referable, 
authorize  the  conclusion  of  Pliocene  age.  I  rather  consider  it,  as  yet,  as 
Upper  Miocene.  The  species  known  of  our  Upper  Tertiary  are  as  yet 
too  few  and  represented  in  poor  specimens  for  definitive  conclusion. 
Your  specimens  have  a  Myrica,  a  Ca^sla^  fragments  of  Salix  augusta^ 
(A.  Br.,)  a  Ehu8,  an  UlmtiSy  and  a  fragment  of  a  Foa  or  FoaciieHP 

The  shales  were  so  soft  and  friable  that  it  was  rather  diHicult  to  ob- 
tain any  specimens. 

About  one  mile  south  of  Florissant,  at  the  base  of  a  small  hill  of  sand- 
stone, capped  with  conglomerate,  are  20  or  30  stumps  of  silici{i(?d  wood. 
This  locality  has  been  called  "  Petrified  Stum[)s  •'  by  the  people  in  the 
vicinity.    The  specimens  of  wood  are  not  particularly  good. 

The  upper  canon  of  the  South  Platte  River  is  about  eight  miles  in 
length,  and  marks  the  exit  of  the  river  from  South  Park.  The  range 
in  which  it  is,  if  it  deserve  that  name,  is  the  eastern  boundary  of  the 
park.  The  rock  is  all  granitic  to  the  northward  and  to  the  northeast. 
South  of  the  canon  is  an  area  of  volcanic  overflow  which  extends  south- 
ward into  Dr.  Endlich's  district,  and  I  will  only  refer  to  it  again  in 
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tbe  next  chapter  in  connection  with  South  Park.  The  rocks  to  the 
north  of  the  canon  were  very  carefully  studied  as  far  as  the  time  would 
permit  by  Mr.  Taggart,  and  I  will  therefore  quote  largely  from  his 
notes.  "  Going  south  from  the  road  that  leads  from  Colorado  Springs 
to  South  Park  is  a  granitic  ridge  running  out  into  the  park,  and  having 
a  westerly  direction.  Passing  southward  we  find  a  light  grayish  granite 
standing  up  in  rough,  jagged  points.  They  seem,  looking  at  them  from 
one  side,  to  have  been  thrust  up  through  the  coarse  beds  that  lie  about 
it.  More  conclusive  proof  of  this  was  found  farther  along  on  the  south- 
em  slope,  where  I  could  see  the  coarse  beds  tipped  up  against  the 
lighter-colored  and  more  compact  granite,  with  a  dip  of  about  10^. 
They  then  sloped  gradually  to  the  bottom  of  a  narrow  valley,  which  is 
the  axis  of  a  synclinal  fold,  for  on  the  opposite  side  were  the  same  beds 
and  resting  on  the  same  kind  of  granite.  Passing  still  farther  along 
the  ridge  I  found  still  another  synclinal.  The  compact  granite  rises  in 
sharp  conical  peaks.  After  passing  three  of  these  peaks  the  ridge  be- 
comes flatter  and  continues  to  the  canon.  As  we  skirt  the  base  of  the 
ridge  we  find  first  a  red  feldspathic  schist  bending  slightly  against  the 
base  of  the  third  cone.  The  dip  is  west  of  north,  at  an  angle  of  not  more 
than  50.  Still  farther  along  we  find  beds  of  micaceous  gneiss  dipping 
in  the  same  direction,  at  an  angle  of  10°.  This  is  followed  by  a  very 
coarse  and  then  fine,  compact  granite.  The  bedding  one  mile  from 
the  canon  shows  a  dip  of  6(P  to  the  northwest.  As  we  go  toward  the 
canon  it  increases.  Beyond  the  canon  the  beds  continue  dipping  at 
about  the  same  angle  as  in  the  canon. 

^^  Going  eastward  along  the  canon,  the  same  beds  with  the  same  dip  are 
exposed.  The  granites  are  much  broken  at  right  angles  to  the  1)eddiug, 
so  much  so  as  to  make  it  somewhat  difficult  to  determine  the  inclination. 
To  the  south  of  the  canon  there  is  a  gradual  rise  in  the  ridge  until  it 
terminates  in  a  high  cone. 

"North  of  the  road  is  a  ridge  with  a  series  of  high  points  and  rather 
open  valleys  between.  The  highest  of  these  points  is  the  one  next  the 
opening  through  which  the  road  to  Fair  Play  passes.  This  ridge  is  not 
a  continuation  of  the  one  described  above,  but  is  parallel  with  it.  The 
latter  is  more  to  the  south  and  west,  and  the  axis  of  upheaval  seems  to 
pass  out  under  the  park.  The  other  ridge  extends  about  five  miles  to 
the  southeast,  and  presents  the  same  general  features  as  the  one  first 
described.  The  eastern  part  is  low,  rising  gradually  toward  the  north 
until  withiu  a  few  miles  of  the  northern  extremity,  when  the  greatest 
height  is  attained  in  a  conical  peak  of  light  gray  granite,  then  gradually 
sloping  to  the  park,  the  slope  being  broken  by  a  few  valleys.  On  station 
35,  one  of  the  points  north  of  the  road  about  half  a  mile,  the  gneiss 
dips  nearly  north.'' 

In  the  irregular  triangular  space  between  this  range  of  hills  on  the 
east  side  of  the  park,  which  Mr.  Taggart  refers  to  above,  and  the  Platte 
Eiver  and  Tarryall  Creek,  is  a  beautiful  rolling  park-like  country,  which, 
although  for  the  most  part  covered  with  debris^  is  plainly  seen  to  be 
underlaid  by  granitic  rocks.  The  following  is  from  the  notes  of  Mr. 
Taggart:  "On  the  northeast  side  of  Tarryall  Creek  are  three  high 
ridges,  the  general  trend  being  northwest  and  southeast.  There  are 
two  main  ridges  which  to  the  north  unite,  inclosing  a  third  which  has 
a  less  elevation.  The  dip  on  the  southwest  side  is  to  the  southwest, 
forming  a  synclinal  with  the  ridge  on  the  oast  side  of  the  park.  On  the 
summit  the  beds  are  horizontal,  and  then  there  is  a  dip  to  the  northeast, 
and  another  synclinal  is  formed  with  the  ridge  farthest  removed,  form- 
ing the  saddle  northwest  of  the  middle  ridge.    On  the  southwestern 
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slope  of  the  second  maiu  ridge  there  are  very  few  outcrops  to  be  seen 
through  the  trees  which  cover  it.  At  the  northwest  end  there  is  a  dip 
to  the  northwest,  while  at  the  opposite  end  the  dip  is  to  the  southeast.^ 
In  {)assing  up  Tarryall  Creek  the  prevailing  dips  are  to  the  northeast 
and  Konthwest.  The  dip  is  the  same  In  the  country  about  the  North 
Fork  of  the  Platte,  as  is  shown  by  the  course  of  the  stream,  which  is 
about  parallel  to  that  of  Tarryall  Greek.  The  latter,  as  far  as  could  be 
ascertained,  tiows  through  a  synclinal  axis.  Along  the  Platte  Kiver  are 
liigh  masses  rising  in  dome-shapes  above  the  caiion.  The  study  of  this 
part  of  the  country  would  require  the  work  of  almost  an  entire  season. 
The  different  streams  should  be  followed,  and  this  can  be  done  only  in 
the  latter  part  of  the  season.  We  were  there  in  June,  and  I  attempted 
to  follow  the  Platte  River,  but  found  it  imi)ossible,  not  only  on  account 
of  the  rough  and  difficult  traveling,  but  also  because  the  stream  was 
then  at  its  highest  point.  The  whole  country  is  probably  archsean.  There 
may  be,  and  most  likely  are,  points  of  eruptive  material,  but,  as  £  have 
said  iibove,  close  study  will  be  required  to  work  up  this  district 
thorou^fhly.  Our  time  was  too  limited  to  do  more  than  take  a  general 
glance  at  the  most  salient  features.  We  have  seen  that  on  the  North 
Fork  and  on  Tarryall  Creek  the  strike  is  from  northwest  to  southeast, 
and  that  as  we  go  south  this  changes  and  becomes  northeast  and  south- 
west. This  change  is  shown  also  by  the  change  in  the  course  of  the 
Platte  when  it  enters  the  up]>er  canon.  Before  that  it  flows  from  the 
northwest,  but  in  the  caiion  its  course  Is  toward  the  northeast. 


CHAPTEE    II. 

SOUTH  PARK — PARK  RANGE. 

This  chapter  will  be  devoted  to  the  consideration  of  the  remainder  of 
the  district  lying  to  the  east  of  the  continental  divide.  This  comprises 
South  Park.  The  park  is  about  forty-five  miles  in  length,  and  somewhat 
irregular  in  shape,  being  widest  at  the  southern  end,  where  it  is  about 
forty  miles  from  east  to  west.  Its  surface  is  very  irregular.  As  the 
drainage  shows,  there  is  a  gradual  slope  from  the  northwest  toward  the 
southeast.  At  the  northwest  end,  the  elevation  is  from  9,372  to  9,981 
feet  above  sea-level.  The  elevation  of  Fair  Play  is  9,704  feet.  As 
we  go  east  this  decreases  until  we  have  an  elevation  of  a  little  over 
8,0(M)  feet,  and  as  we  go  south  we  notice  the  same  gradual  decrease. 
Thus,  at  the  salt-works  the  elevation  is  8,573  feet.  In  the  southern  por- 
tion of  the  park,  the  elevation  is  more  uniform  than  in  the  northern  part. 
Still,  the  slope  is  toward  the  southeast,  and  where  the  South  Platte 
enters  the  caiion  the  elevation  is  only  7,991  feet.  There  are  numerous 
ridges  running  through  the  park,  generally  parallel  to  each  other.  Thus, 
starting  at  Fair  Play  and  going  eastward,  the  first  is  a  low  ridge  a 
couple  of  hundred  feet  in  height.  Crossing  this,  we  descend  to  Crooked 
Creek,  and  then  ascend  a  second  ridge  that  rises  500  feet  above  the  val- 
ley. On  the  east  side  of  this  ridge  is  the  valley  of  Trout  Creek,  and 
beyond  it  a  third  ridge  rising  to  about  the  same  height,  perhaps  a  few 
feet  higher.  East  of  this  is  a  low  rolling  country  extending  for  some 
three  or  four  hundred  miles,  bounded  by  a  series  of  rounded  hills  rising 
about  GOO  or  800  feet  above  the  general  surface.  These  hills  extend 
for  a  few  miles,  and  then  there  is  a  space  having  an  almost  uniform  level 
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from  which  the  hills  boundiog  the  park  on  the  west  rise.  In  the  south 
end  of  the  park  are  numerous  isolated  buttes,  the  majority  being  of 
volcauic  origin,  although  some  are  composed  in  part  of  sedimentary  for- 
mations. They  will  be  referred  to  again  in  subsequent  portions  of  the 
chapter.  Almost  the  entire  southern  end  of  the  park  is  volcanic,  and 
the  country  gradually  rises  from  the  South  Platte  Biver  to  the  divide, 
and  then  slopes  to  the  Arkansas  River.  The  outlet  of  the  lake  existing 
here  in  early  Tertiary  times  was  probably  in  this  direction.  The  erup- 
tive forces  acting  after  the  deposition  of  the  lignitic  sandstones  elevated 
this  part  of  the  country,  and  the  water  had  to  find  an  outlet  in  a  new 
direction.  It  was  then  that  the  present  drainage  was  probably  out- 
lined. The  lake  was  most  likely  drained  through  the  Platte  canon  at 
the  southeast  end  of  the  park.  The  lake  itself  must  have  extended 
farther  to  the  southward  than  the  present  outlines  of  South  Park  would 
seem  to  indicate.  The  mountains  on  the  east  side  of  the  park,  as  \fe 
saw  in  the  last  chapter,  are  composed  of  schistose  rocks  which  extend 
westward  some  distance  into  the  Park.  The  outline  is  rather  iiTogular, 
but  the  general  course  of  the  range  is  northwest  and  southeast,  and,  as 
we  have  seen,  the  dips  are  to  the  northeast  and  southwest.  The  range 
is  therefore  an  auticlinal  axis,  which,  as  we  go  south,  bends  to  the  east- 
ward. The  elevation  is  over  10,000  feet  above  sea-level  and  over  1,500 
feet  above  the  park.  The  northeast  boundary  of  the  park  is  a  continu- 
ation of  the  schists,  identical  with  those  on  the  east  except  that  here  the 
hills  are  capped  very  frequently  with  eruptive  material,  mostly  trachyte. 
On  the  more  uniform  level  of  the  park,  the  sandstones  are  but  little  dis- 
turbed. As  we  shall  see  further  on  they  are  of  Tertiary  age.  Tbo  vol- 
canic rock  extends  around  the  northern  edge  of  the  park,  close  to  it,  not 
extending  far  to  the  northward  until  we  get  around  to  the  northwest.  It 
seems  to  have  been  an  overdow,  as  I  found  in  several  places  that  it 
capped  bills  whose  bases  were  composed  of  dark  micaceous  gneiss.  The 
hills  that  rise  above  to  the  northward  are  also  metamorphic.  On  one  of 
the  branches  of  Michigan  Greek,  extending  some  distance  up  the  valley, 
is  a  tongue  of  sandstone,  a  prolongation  from  those  in  the  park,  proba- 
bly outlining  an  old  bay.  The  upper  edge  of  this  narrow  belt,  bounded 
on  one  side  by  trachyte,  and  on  the  other  by  granite,  was  found  by  Mr. 
Gardner  to  be  500  feet  above  the  general  level  of  the  park.  A  period  of 
elevation  in  the  range  north  of  the  park,  therefore,  must  have  taken  place 
after  the  deposition  of  this  sandstone.  The  granites  and  schists  form  the 
basis  of  the  range  north  of  the  park  until  we  get  to  Mount  Guyot,  when 
eruptive  rocks  are  seen  at  the  head  of  Michigan  Creek,  near  Mount 
Guyot  This  mountain  has  an  elevation  of  13,389  feet,  and  is  on  the 
continental  divide,  which,  on  the  west  side  of  the  Arkansas,  has  a  di- 
rection nearly  north  and  south,  and  then  turns  to  the  east  around  the 
head  of  the  river,  and  again,  beyond  Mount  Guyot,  turns  abruptly  to  the 
northward  toward  Gray's  Peak.  Just  east  of  the  mountain  is  a  low  sad- 
dle, forming  the  water-divide  between  Michigan  Creek  and  the  waters 
of  Snake  liiver,  one  of  the  tributaries  of  the  Blue  River. 

On  this  saddle  (Georgia  Pass)  we  have  the  following  section,  shown 
in  Fig.  4,  Plate  VI : 

(a.)  1.  Erupture  granite  forming  the  peak. 

(b.)  2.  Hard  gray  slate. 

(c.)  3.  Quartzite. 

(d.)  4.  Coarse  gneiss,  light  colored. 

{e,)  5.  Black  micaceous  gneiss. 

This  latter,  (No.  5,)  as  far  as  could  be  ascertained,  extends  eastward 
for  some  miles.  Bed  No.  4  is  very  coarse,  with  white  feldspar  and  a  silvery 
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mica.  The  quartzite  and  slate  are  both  very  much  chaD^d,  and  are  each 
abontGOfeet  in  thickness.  The  slate  weathers  on  the  surtace  arusty-brown 
color.  The  dip  is  soath  55^  east ;  angle  of  inclination,  50^.  I  am  at  a 
loss  as  to  the  position  of  these  beds.  They  are  fragments  that  have 
been  caught  and  lilted  up,  but  they  are  so  changed  and  too  few  in  nam- 
ber  to  say  anything  definite  of  them.  Tliey  could  not  be  traced  to  the 
southward,  and  our  time  Tvas  too  limited  to  try  and  follow  them  to  the 
northward.  The  mountain  itself  is  composed  of  a  fine-grained  graoite 
of  a  gray  color,  and,  I  take  it,  is  eruptive.  In  it  are  seams  of  a  dark- 
green  porphyritic  rock,  in  which  the  matrix  is  very  compact,  the  crystals 
being  a  white  feldspar.  The  mountain  has  been  called  Crater  Mountain,  a 
name  derived  from  its  peculiar  crater-like  shape.  Ascending  the  eastern 
side  on  a  slope  of  about  3(P  over  a  mass.of  shinglclike  d6hri8^  on  reaching 
the  summit  we  are  on  the  edge  of  a  crater-like  depression,  the  walls  being 
p^iiect,  except  on  the  southern  side.  It  is  not,  however,  a  true  crater, 
the  shape  being  the  result,  in  all  probability,  of  erosion,  due  partly,  per- 
haps, to  past  glacial  action.  This  form  is  common  in  the  mountains  ou 
the  west  side  of  the  park  and  in  the  Sawatch  Range  on  the  west  side 
of  the  Arkansas.  In  the  latter  we  have  abundant  evidence  of  former 
glacial  action  in  the  moraines,  which,  as  we  shall  see  further  on,  are 
found  along  all  the  streams.  Besides  the  depression  below  the  main 
l>eak  there  are  three  others,  two  facing  the  south  and  one  looking  toward 
the  north.  Between  Tarryail  Creek  and  Michigan  Creek  are  high  hills 
or  mountains  composed  of  a  porphyritic  volcanic  rock,  approaching  the 
character  of  a  phonolytic  trachyte.  The  summits  of  these  hills  are 
rounded,  and  their  slopes  are  covered  with  slab  like  masses,  which,  on 
the  surfacfe,  weather  to  a  rusty  color,  and  ring  under  the  blows  of  the 
hammer.  Following  the  edge  of  these  hills  around  to  the  town  of  Ham- 
ilton, on  Tarryail  Creek,  and  then  going  up  stream  a  short  distance 
above  the  town,  an  outcrop  of  quartzite  appears,  dipping  a  few  degrees 
to  the  south  of  east  under  the  volcanic  (!)  rock.  At  this  point  is  an 
abrupt  turn  in  the  course  of  the  creek.  Until  it  reaches  this  place  it 
follow^s  the  strike  of  the  quartzite,  but  here  breaks  through  them  at 
right  angles.  Beneath  the  quartzite  is  a  soft  grayish-white  sandstone, 
and  in  the  banks  of  the  creek  are  exposures  of  red  sandstone. 
The  quartzite  and  gray  sandstones  are,  doubtless,  Cretaeeous  No. 
1,  and  a  continuation  of  beds  farther  southward,  between  Trout 
Creek  and  Crooked  Creek.  They  are  in  line  with  them,  and  the 
strike  corresponds  precisely.  The  red  sandstones  are  Triassic,  and  have 
a  dip  of  about  5o.  They  form  the  bed-rock  upon  which  the  auriferous 
gravel  rests.  This  f>ravel  is  about  10  feet  thick,  and  has  yielded  a  great 
deal  of  gold.  The  mines  in  tliis  vicinity  are  treated  of  in  Dr.  Endlich^s 
report.  About  five  miles  west  of  Hamilton  is  the  mountain  called  Silver 
Heels,  having  an  elevation  of  13,731  feet.  We  ascended  it,  and  on  the 
eastern  slope  I  made  a  partial  section  of  it,  as  follows : 

Section  No.  8. 

1.  The  summit  of  the  peak  is  made  up  of  an  eruptive  rock  resembling 

that  in  the  hills  above  Hamilton.  This,  with  a  few  layers  cif 
coarse  micaceous  sandstone,  sometimes  conglomeritic,  extends 
for  about  1,500  feet.  The  slope  hero  is  very  small,  only  about 
5^,  and  the  beds  are  so  covered  with  debris  that  it  is  impossible 
to  define  them. 

2.  Metamoq)hosed  sandstone  and  volcanic  rock.    The  sandstone  con- 

tains rather  large  rounded  pebbles.     The  volcanic  rock  is  beneath 
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the  saudstone,  and  is  probably  trachyte.    The  thickness  of  both 
is  117  feet. 

3.  Oreen  and  purplish  sandstone  shales,  very  much  metamorphosed,  60 

feet. 

4.  Volcanic,  (trachyte  ?)  4  feet 

5.  Parple  metamorphosed  slates,  5  feet. 
C.  Volcanic,  (trachyte  ?)  4  feet. 

7.  Coarse  brown  sandstone,  very  much  metamorphosed,  but  rather 

uniform  In  structure,  100  feet. 

8.  Volcanic,  (trachyte  f )  about  20  feet. 

9.  Very  hard,  dark  sandstone,  in  layers,  6  or  8  inches,  50  feet. 

10.  Light-brownish  sandstone  with  streaks  of  dark-brown,  30  feet. 

11.  Volcanic,  (trachyte  ^)  20  feet. 

12.  Dark- gray  sandstone,  70  feet. 

13.  Volcanic,  darker  than  the  other  layers.    The  lower  portion  is  covered 

with  debris.    Thickness,  about  80  feet. 

14.  Bed  shales  very  much  metamorphosed.     These  shales  break  into 

lamiDO)  of  about  an  inch  thickness,  and  are  micaceous.     There 
are  mud  and  rain  marks  between  the  laminse,  8  feet. 

15.  Greenish-gray  quartzitic  sandstone,  10  feet. 

16.  Volcanic:   this  layer  has  a  wedge-shape,  and  on  the  surface  its 

thickness  is  about  20  feet. 

17.  Red  shales,  10  feet. 

18.  Pinkish  sandstone,  very  irregular  in  structure,  8  feet. 

19.  Bed  shales,  10  feet. 

20.  Light-gray  conglomeritic  sandstone.  4  feet. 

21.  Eed  shales,  4  feet. 

22.  Gray  sandstone,  becoming  coarse  toward  the  bottom,  having  large 

pebbles :  above,  it  has  a  pinkish  tinge ;  10  feet. 

23.  Hard-red  sandstone  in  laminse  of  2  to  3  inche'S,  5  feet. 

24.  Compact  sandstone,  with  general  color  gray,  but  becoming  pinkish  as 

we  go  down,  30  feet. 

25.  Red  shales,  4  feet. 

26.  Compact  sandstone,  pinkish  and  calcareous  above,  gray  below,  5  feet. 

27.  Dark-blue  limestone,  containing  veins  of  calcite,  and  without  fossils, 

2  feet. 

28.  Eed  and  purple  shales,  darker  in  color  than  those  given  above,  3  feet. 

29.  Compact  sandstone,  light-gray,  5  feet. 

30.  Red  shales,  2  feet. 

31.  Volcanic,  (trachyte  !)  6  feet. 

32.  Dark  purplish-red  sandstone,  breaking  into  blocks,  30  feet. 

33.  Red  and  {)urplish  shales,  3  feet. 

34.  Greenish  gray  sandstone,  banded  and  streaked  wit'h  green  in  layers 

from  2  to  3  feet  thick,  some  conglomeritic,  25  feet 

35.  nard,  red  sandstone  shales,  2  feet. 

36.  Ilard,  red  sandstone,  1  foot. 

37.  Greenish-gray  sandstone,  with  bands  of  brown  sandstone  shale  from 

1  foot  to  2'feet  thick,  15  feet. 

38.  Red  shale,  1  foot. 

39.  Brown-banded  sandstone,  with  bands  of  volcanic,  50  feet. 

40.  Red,  gray,  and  purplish  sandstones,  20  feet. 

41.  Greenish  conglomeritic  sandstone,  6  feet. 

42.  BrOwn  sandstone,  8  feet. 

43.  Very  hard  gi^eenish  sandstone,  6  feet. 

44.  Light-gray  sandstone,  10  feet. 

45.  Volcanic }  could  not  get  thickness. 
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From  tbis  point,  there  is  a  slope  with  occasional  oatcrops  of  red 
shales  and  greenish  sandstones,  all  rather  coarse.  These  uo 
doubt  continue  to  the  red-beds  (Triassic  f),  above  which  is  Cretaceous 
No.  1,  to  which  I  referred  above  as  crossing  Tarryall  Creek  above  Ham- 
ilton. Beyond  this  is  a  hill  of  the  same  material  as  that  resting  on  the 
same  bed  (Cretaceous  No.  1)  on  the  north  side  of  the  creek.  This  slopes 
to  the  park,  where  the  Tertiary  sandstones  appear.  The  distances  in  the 
section  given  above  are  all  estimated.  For  want  of  time,  I  was  unable  to 
carry  the  section  any  farther  to  the  eastward,  but  the  sections  made  in 
the  park  at  points  farther  southward  comprehend  it.  Silver  Heels  is 
drained  on  the  south  by  the  branches  of  the  South  Platte,  and  is  hol- 
lowed out,  leaving  the  high  ridge  on  which  the  section  is  made  standing 
out  prominently.  The  volcanic  layers  seem  to  be  intruded  masses  which 
have  so  changed  the  sedimentary  beds  and  hardened  them  that  they 
have  been  able  to  resist  the  eroding  influences,  and  the  result  is  this 
prominent  ridge.  Leaving  Hamilton,  and  still  keeping  close  to  the  edge 
of  the  mountains,  in  going  around  the  northwest  rim  of  the  park,  we 
notice  after  crossing  Tarryall  Creek  that  the  Tertiary  formations  extend 
to  the  edge  of  the  mountains,  which  here  are  volcanic.  Near  McLaugh- 
lin's ranch  is  a  coal-mine.  This  was  visited  by  Dr.  Hayden,  and  will  no 
doubt  be  fully  treated  of  by  him.  The  Tertiary  beds  here  are  so  cov- 
ered with  drift  that  they  are  almost  entirely  concealed.  Following  the 
road  southward  we  pass  around  the  edge  of  a  trachytic  hill,  and  come 
across  cretaceous  shales  belonging  in  all  probability  to  the  Fort  Pierre 
group,  (No.  4.)  They  are  found  in  a  valley  between  the  hill  just  referred 
to  and  a  low  volcanic  ridge  that  runs  out  into  the  park.  Crossing  this 
ridge  we  again  pass  over  the  shales.  Here  is  a  well-marked  terrace  on 
a  small  branch  of  Tarryall  Creek.  It  is  about  100  feet  in  height.  Ter- 
races are  'to  be  seen  on  almost  all  of  the  branches  of  Tarryall  in  the 
northwestern  part  of  the  park.  Just  south  of  the  terrace  referred  to  is 
a  long  volcanic  ridge,  the  course  of  which  is  almost  due  north  and  south. 
I  have  already  spoken  of  this  ridge,  which  is  shown  in  the  profile  across 
the  northern  end  of  the  park.  The  following  section  was  made  from  the 
Platte  River  eastward  to  Trout  Creek,  about  five  miles  north  of  Fair 
Play,  and  is  shown  in  Fig.  1,  Plate  VI.  The  length  of  the  section  No.  9, 
given  below,  is  about  six  miles.  The  distances  and  thicknesses  are  es- 
timated, the  average  dip  being  about  30^  toward  the  eastward. 

Section  No,  9. 

a.  1.  Starting  from  the  Platte  lliver,  the  point  a  in  the  illustration, 
we  have  the  valley  covered  with  drift  to  the  edge  of  the  hills,  a  dis- 
tance of  about  a  mile.  We  then  begin  to  ascend  the  hills,  which  are 
well  timbered,  concealing  the  beds.  From  the  character  of  the  d6bris^  I 
think  there  is  volcanic  rock  beneath.  The  first  exposure  we  met  with 
furnished — 

h.  2.  Eed  sandstone  shales :  thickness,  400  to  500  feet. 
Then  followed : 

3.  Gray  shaly  sandstone. 

4.  Brownish  limestone. 

5.  Eed  shales. 

6.  Very  coarse  white  micaceous  sandstone.    These  beds  are  indi- 

cated by  very  indistinct  outcrops,  and  are  from  500  to  GOO  feet. 
Then  we  have  next — 
c.  7.  Limestone  mostly'  of  a  grayish  color  or  grayish-blue,  in  some 
places  brownish,  compact  in  some  layers,  and  then  again  ir- 
regular, with  seams  of  calcite.    Thickness,  G  feet. 
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d.  8.  Space :  tliis  is  marked  by  the  letter  d  in  the  illustration,  and  is 
the  valley  of  Beaver  Creek.  The  beds  are  covered  up.  Proba- 
bly a  thickness  of  700  or  800  feet. 

9.  Verj'  coarse  and  somewhat  massive  red  sandstones,  about  100  fe^t. 

10.  Space  of  about  400  feet. 

11.  Dark-blue  limestone,  6  feet. 

12.  Space  with  a  few  indistinct  outcrops  of  sandstone  and  lime- 

stone, about  700  feet. 

13.  Coarse  red  sandstones  in  massive  layers,  300  feet. 

14.  Space  probably  filled  with  sandstone  at  bottom,  shale  above, 

300  feet. 

15.  Deep-red  shales,  90  to  100  feet. 

16.  Blue  limestone,  4  to  6  feet. 

17.  Bed  sandstone,  coarse  and  shaly  micaceous,  30  feet. 

18.  Gray  micaceous  sandstone,  about  5  feet. 

19.  Dark-blue  limestone,  2  feet 

20.  Space  filled  with  shales,  3  feet. 

21.  Dark-blue  limestone,  with  irregular  structure,  5  feet. 

22.  Mottled  red  and  white  sandstoue  shales,  weathering  red.  5  feet. 

23.  Blue  limestone,  coarser  than  below,  and  in  thin  layers,  2  feet. 

24.  Space  covered  up,  but  filled  in  all  ])robability  with  shales  and 

interlaminated  limestones,  about  120  feet. 

25.  Dark-blue  limestone,  2  feet. 

26.  Very  coarse  soft  shaly  sandstones,  below  and  next  to  the  lime- 

stone, having  rounded  pebbles  of  quartz.  At  the  top  they  are 
finer  grained  and  softer;  the  color  becomes  deeper  as  we  get 
toward  the  middle,  where  it  is  brick-red,  and  then  becomes 
pink  at  the  top,  10  feet. 

27.  Blue  limestone,  1  to  3  feet. 

28.  Space  probablj^  filled  with  shales,  40  to  50  feet. 

29.  White  and  red  micaceous  shaly  sandstones,  40  feet. 

30.  Coarse  sandstones,  10  feet. 

31.  Dark-blue  limestone,  4  feet. 

32.  Spacecovered  up,butfilled  in  all  probability  with  sand  shales,  4 

feet. 

33.  Blue  limestone,  4  feet. 

34.  Space  shales,  (?)  90  to  100  feet. 

35.  Dark-blue  limestone,  2  to  3  feet. 

36.  lied  and  white  sandstone,  16  feet. 

37.  Dark-blue  limestone,  3  feet. 

38.  Space  sandstones,  (?)  100  feet. 

39.  Coarse  and  somewhat  massive  brick-red  sandstones,  50  feet. 

40.  Space  sandstone,  (?)  20  feet. 

41.  Coarse  red  sandstone  like  No.  39,  50  feet. 

42.  Space  sandstone,  (?)  15  feet. 

43.  Dark-blue  limestone,  3  feet. 

44.  Spacecovered  up;  indications  are  that  sandstones  and  shales 

entered  through  it,  60  to  70  feet. 

45.  Dark-blue  limestone,  4  feet. 

46.  Space  sandstones,  (?)  32  feet. 

47.  Blue  limestone,  5  feet. 

48.  Space  sandstones,  (?)  150  feet. 

49.  Blue  limestone,  3  feet. 

50.  Space  sandstone,  350  feet. 
€.  51.  Blue  limestone,  3  feet. 
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{  52.  Space,  the  valley  of  Crooked  Creek.  On  the  east  side  of  the  valley 
we  have  the  massive  red  sandstones  (Triassicf )  with  all  the  charac- 
teristics of  the  same  beds  east  of  the  foot-hills,  and  on  Tront 
Creek  west  of  them.  It  is  probable  they  extend  down  to  bed  51. 
Their  softness  has  allowed  them  to  be  worn  down,  and  they  have 
been  covered  with  debris.  The  total  thickness  is  from  1,300  to 
1,500  feet 
53.  Coarse  pink  sandstones,  25  feet. 

53.  Fine  grained  rose-colored  sandstone,  8  feet. 
These  two  beds  are  the  upper  part  of  the  red-beds. 

54.  leather  coarse  calcareous  sandstones,  shales  mottled  red  and 
gray,  5  feet. 

55.  Space  i)robably  filled  with  a  continuation  of  54  grading  into  the 
next  bed,  30  feet. 

5G.  Gray  compact  limestone.    This  limestone  has  cross  cleavage, 
and  becomes  hanler  as  we  go  uj),  10  feet. 

57.  Hard  fine  grained  limestone,  light  gray,  15  feet. 

58.  Space  probably  tilled  with  limestones  and  shales,  75  feet. 

59.  Outcrop  of  green  shales,  10  feet. 

60.  Space  filled  with  shales  and  sandstones,  60  feet. 
'  ■  61.  llusty  yellow  sandstone,  5  feet. 

62.  Fine-grained  white  sandstone  with  fragments  of  stems  and 
J  leaves,  5  feet. 

^']  63.  Space  sandstones,  (?)  20  feet. 

64.  Yellow  sandstone,  40  feet. 

Oo.  Space  sandstone,  80  feet. 
''66.  Space  filled  with  shales,  (!)  500  to  600  feet. 

67.  Dark-gray  fossiliferous  limestone,  2  feet. 
h,  <  OS.  Space,  probably  limestone,  20  feet. 

69.  Black  argillaceous  shales,  2  feet. 
I  70.  Space  shales,  (?)  about  700  feet. 
<'  71.  Calcareous  sandstone  shales,  60  feet. 

72.  Space  shales,  (?)  300  to  400  feet. 

73.  Black  and  green  shales,  fossiliferous  with  interlaminated  lime- 
stone bands,  400  feet. 

From  this  point  to  Trout  Creek,  a  distance  of  about  half  a  mile, 

are  no  exposures,  the  beds  being  covered  with  drift.    When 

I  we  reach  Trout  Creek  it  is  evident  that  we  have  crossed  a 

synclinal  axis,  for  the  dip  now  is  toward  the  westward  instead 

of  east  as  before.    On  the  bluff  the  beds  are  as  follows : 

74.  Black  argillaceous  shales,  outcrop  2  to  3  feet. 

75.  Bluish-black  limestone,  1  foot. 

76.  Black  shales,  about  180  feet 

This  brings  us  to  the  bed  of  Trout  Creek,  and  crossing  it  black  shales 
prevail  until  we  reach  the  volcanic  ridge  which  doubtless  caused  the 
fold  just  referred  to.  This  ridge,  A  in  the  figure,  is  about  400  or  500  feet 
high,  and  extends  north  and  south.  It  is  trachy tic.  A  low  hill  between 
the  two  branches  of  Tiout  Creek  south  of  the  hill  marked  i  is  of  the 
same  rock.  Whether  the  eastern  side  of  the  fold  extends  along  the 
ridge  to  the  southward  or  not  I  could  not  determine,  a«  the  valley  was 
covered  with  debrin^  and  there  were  no  exposures  on  the  east  side  until 
we  came  to  the  volcanic  rock  itself.  The  line  of  the  sei»tion  given  above 
is  from  the  northwest  to  southeast,  and  with  the  exception  of  the  beds 
from  No.  18  to  No.  51  is  a  continuous  section.  The  portion  of  the  section 
between  these  points  was  made  farther  southward,  but  connects  with 
the  others.    At  the  point  where  the  greater  i)art  of  the  section  was 
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made  these  beds  were  entirely  concealed.  All  the  beds  below  No.  62 
are  probably  to  be  referred  to  the  Carboniferous  and  Permian  systems, 
although  I  cannot  so  refer  them  positively  as  there  were  no  fossils  found 
to  prove  it.  The  red-beds  (Triassicf)  have  a  thickness  of  about  1,500 
feet,  which  is  about  the  same  as  we  found  east  of  the  mountains.  Cre- 
taceous No.  1  (Dakota  group)  is  somewhat  thinner,  while  the  Jurassic  (?) 
between  has  about  the  same  thickness  as  seen  heretofore.  The  entire 
thickness  of  the  Cretaceous  as  shown  here  (beds  61  to  73  inclusive)  is 
over  2,000  feet.  The  beds  have  about  the  same  characters  as  the  analo- 
gous beds  east  of  the  mountains.  The  illustration  Fig.  1,  Plate  VI,  car- 
ries the  section  siill  farther  to  the  eastward.  Around  the  northern  end 
of  the  ridge  '*A"  (trachyte)  are,  as  indicated  by  the  debris^  Cretaceous 
shales.  No  definite  exposure  was  observed,  and  it  was  impossible  to 
tell  whether  or  not  the  shales  extended  around  to  the  eastern  side,  and 
if  they  did,  in  what  direction  they  inclined.  On  the  east  of  the  ridge  is 
a  grass-covered  valley  (fc)  about  a  mile  in  width,  from  which,  going  east- 
ward, we  ascend  a  low  hill  rising  about  200  feet  above  the  valley.  On 
the  west  side  of  this  hill  are  outcrops  of  trachyte,  seemingly  stratified 
and  dipping  toward  the  east.  On  reaching  the  summit  we  find  that  it 
is  plateau-like,  cut  into  low  hills  by  small  gullies.  Crossing  toward  the 
eastward  in  one  of  these  gullies,  the  following  beds  are  exposed  (the 
point  I  in  the  illustration)  from  below  upward: 

1.  Volcanic  breccia. 

2.  Sandstone. 

3.  Volcanic  breccia. 

4.  Breccia  looking  very  sandy.' 

The  entire  thickness  is  not  more  than  50  or  60  feet.  The  dip  here,  how- 
ever, is  not  to  the  east,  but  west.  The  angle  of  inclination  is  only  20^.  Be- 
tween the  points  Jc  and  I  is,  therefore,  a  synclinal  fold.  The  sandstone  is  a 
dark  greenish  brown,  very  much  metamorphosed ;  some  of  the  layers 
look  like  a  volcanic  sandstone.  The  breccia  seems  to  be  interstnitified 
in  places,  but  is  probably,  in  part,  intruded,  as  in  some  places  the  sand- 
stones on  both  sides  arc  much  changed.  Still  farther  east,  at  the  point 
wi,  are  similar  beds,  with  the  dip  once  more  to  the  eastward.  From  this 
point  we  descend  into  a  broad  valley,  in  which  the  beds  are,  for  the  most 
part,  covered  up.  Here  are  a  few  small  lakes,  with  no  outlet,  and  the 
ground  about  them  is  covered  with  alkali.  The  valley  is  somewhat  roll- 
ing in  character,  not  uniformly  level,  but  having  a  gradual  slope  to  the 
east.  It  is  underlaid  by  sandstones,  and  is  a  mile  in  width.  On  the 
eastern  side,  on  ascending  a  low  ridge  rising  about  40  feet  above  the 
valley,  an  outcrop  of  white  shaly  sandstones  is  seen,  below  which  is  vol- 
canic breccia.  The  dip  here  is  south  80^  west ;  so  the  valley  we  have 
just  crossed  (n)  is  another  synclinal.  The  angle  of  dip  is  about  25o  or 
30°.  There  are  three  or  four  of  these  low  ridges  that  are  parallel  to  each 
other ;  the  genetal  strike  being  north  lOo  west.  The  first  two,  at  o,  in  the 
section,  form  an  anticlinal.  From  m  to  ?t  are  exposures  of  light-gray 
sandstones,  somewhat  fine  grained,  with  interlaminated  coarser  sand- 
stones of  a  dark-brownish  color.  The  outcrops  are  not  very  decided.  At 
o,  in  a  bed  of  rather  coarse  sandstone,  [  found  fossil  leaves,  among  which 
Professor  Lesquereux  has  recognized  Rhamnus  Poldianus,  Platanus  Hay- 
denii,  and  a  fragment  of  a  leaf  of  a  Qvercus  new  to  this  country,  and 
related  to  Querciis  Heeriij  Al.  Br.  The  llora,  he  says,  is  Lower  Tertiary, 
and  represents  the  lignitic  group.  From  o  to  |7  is  a  distance  of  about 
an  eighth  of  a  mile.  From  the  latter  point  we  have  a  meadow-like  val- 
ley about  a  mile  in  width,  from  which  we  ascend  granitic  hills.  This 
valley  is  another  synclinal  axis.    The  hills  arc  at  B  in  the  section,  and 
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are  aboat  500  feet  hif]:h,  rounded  in  oatline,  and  extending  about  three 
miles  in  width.  On  the  east  we  descend  into  another  valley,  G,  in  which 
all  the  rocks  are  concealed  by  the  drift.  I  have  little  doubt,  however, 
that  it  is  underlaid  by  Tertiary  sandstones.  This  valley  is  somewhat 
irregular  in  shape;  but  in  the  section  it  is  represented  at  G  as  aboat  six 
miles  in  width.  From  qto  r  the  line  on  which  the  section  is  made  is 
changed,  and  has  a  course  of  south  45<^  east.  The  Tertiary  sandstones, 
which  we  have  just  spoken  of,  are  the  same  that  we  noticed  extending 
to  the  edge  of  the  trachytic  hills  iu  the  northern  and  northwestern  part 
of  the  park.  We  have  seen  that  they  extend  across  the  park  in  a  wave- 
like manner,  occasioned,  no  doubt,  by  volcanic  action  that  was  contem- 
poraneous with  the  elevation  of  tlie  volcanic  ridge  on  the  east  side  of 
Trout  Greek,  lieturning  to  this  ridge,  and  following  it  southward,  we 
observe  that  it  turns  more  and  more  to  the  eastward;  and  this  fact  is 
also  rendered  evident  when  wo  notice  the  course  of  the  streams  that  are 
parallel  to  it.  At  Station  No.  92,  a  high  point  to  the  southeast,  which 
seems  to  mark  the  termination  of  the  tidge,  we  have,  on  the  south  side 
and  dipping  toward  the  south,  as  I  learn  from  the  note's  of  Mr.  Taggart, 
an  outcrop  of  sandston<^,  somewhat  metamorphosed.  This  I  take  to  be 
the  bed  of  sandstone  so  characteristically  marked  as  Gretaceous  No.  1. 
It  evidently  belongs  to  the  western  side  of  the  synclinal  fold,  to  which  I 
have  already  referred  as  existing  at  the  head  of  Trout  Greek.  Still  far- 
ther down  the  river,  and  on  the  eastern  or  rather  northeastern  side,  is 
another  butte,  in  which  I  found  exposures  of  beds  belonging  to  the  Da- 
kota group.  The  sandstone  here,  being  very  nuich  metamorphosed,  is 
quartzitic.  Just  above  it  are  the  same  shales  that  we  saw  in  other  places, 
and  the  limestone,  with  Gretaceous  fossils,  (bed  No.  2,  in  section  No. 
1,  and  No.  C7,  in  section  No.  9.)  These  beds  all  dip  to  the  southwest  at 
an  angle  of  50^  to  GO^,  and  are,  I  take  it,  a  prolongation  of  the  eastern 
side  of  the  fold  on  Trout  Greek,  and  at  the  butte  (Station  No.  92)  i-et'erred 
to  by  Mr.  Taggart.  The  volcanic  ridge,  which  is  the  cause  of  the  uplift 
on  the  eastern  side,  making  a  turn  to  the  eastward,  of  course,  the  strike 
of  the  sedimentary-  beds  is  also  to  be  found  turning  in  that  direction.  At 
the  base  of  the  butte  just  referred  to  are  remnants  of  a  soft  siindstone, 
which  I  consider  to  be  of  Tertiary  age,  whether  Eocene  or  more  modern 
I  could  not  determine.  Before  leaving  this  butte  I  will  describe  the 
springs  that  are  at  the  south  end.  They  are  all  saline.  There  are  four 
principal  springs,  although  there  are  beside  a  number  of  places  where 
the  water  bubbles  up.  Spring  No.  1  is  about  two  feet  in  diameter  and 
three  feet  in  depth,  and  has  no  doubt  been  artiiicially  enlarged.  At 
intervals  of  a  few  seconds  there  is  a  slight  escape  of  gas,  probably  all 
carbonic  acid.  The  water  has  rather  a  pleasant  taste,  though  by  no 
means  as  agreeable  as  that  in  the  springs  at  Manitou.  It  is  saline, 
somewhat  pungent,  tasting  slightly  also  of  sulphur.  The  temperature 
of  the  water  was  58'=>  Fahrenheit;  the  air  being  78o  Fahrenheit. 

Spring  No.  2  is  about  0  feet  below  No.  1,  and  about  a  foot  in  diameter 
and  G  inches  deep.  The  water  tastes  very  much  like  that  of  No.  1, 
although  not  quite  so  pungent,  nor  is  there  as  large  an  escape  of  gas. 
The  temperature  was  the  same  as  that  of  No.  1. 

Spring  No.  3  is  very  little  different  from  the  other  two.  It  is  about  -4 
feet  fi'om  No.  2,  an<l  has  a  greater  evolution  of  gas.  The  temi>erature 
is  still  580. 

Spring  No.  4  is  about  30  feet  from  No.  3,  and  about  a  foot  in  diameter 
and  G  inches  deep.  It  is  a  very  quiet  spring,  the  water  tasting  strongly 
of  salt,  and  also  slightly  of  sulphur.  Between  No.  3  and  No.  I  is  a 
marshy  space,  in  which,  by  a  little  digging,  a  spring  couhl  be  formed. 
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At  this  place  is  a  considerable  deposit  of  iron  not  noticed  in  the  springs. 
For  some  distance  abontthe  springs  there  is  an  efflorescence  of  salt  and 
alkali.  The  principal  constituents  of  the  water  are  common  salt,  sul- 
phur, iron,  and  carbonates.  Southeast  of  the  butte,  at  the  base  of 
which  we  find  these  springs,  is  a  double-topped  butte,  which  I  found  to 
be  composed  entirely  of  granite.  The  rock  was  somewhat  covered,  but 
I  consider  it  to  be  a  remnant  of  a  line  that  once  extended  northward, 
and  that  the  rocks  probably  incline  to  the  southwest  or  to  the  northeast. 
The  whole  southern  end  of  the  park,  as  I  learn  from  the  notes  of  Mr. 
Taggart,  is  volcanic.  The  Platte  liiver  for  some  distance  follows  a 
course  very  near  the  line  between  the  trachyte  and  the  sedimentary 
formations.  On  this  line  are  several  buttes,  on  the  northern  end  of 
which  are  granite  outcrops,  while  the  rest  of  the  butte  is  either  trachytic 
or  basaltic. 

Following  the  river  up  from  the  caiion  we  find  that  it  flows  through 
schists  for  about  five  or  six  miles.  We  then  meet  with  trachyte, 
which  at  this  point  is  found  on  the  south  side  of  the  river.  As  we  near 
the  salt-works  we  find  numerous  isolated  buttes  of  trachyte,  many  of 
them  having  a  conical  shape.  A  line  of  these  buttes  extends  from  the 
Little  Platte,  about  eight  miles  above  it«i  mouth,  toward  the  southwest. 
They  mark  the  limit  of  the  volcanic  rock  in  this  direction.  The  Little 
Platte  forms  the  boundary  from  the  mouth  up  for  eight  miles.  The 
main  river  for  about  eight  or  ten  miles  above  the  mouth  of  the  Little 
Platte  flows  in  the  axis  of  a  synclinal  fold,  the  same  to  which  I  have 
several  times  already  referred.  The  fold  is  here  much  broader  than  at 
the  head  of  Trout  Creek,  where  we  first  observed  it.  Above  the  mouth 
of  Trout  Creek,  the  Platte  River  cuts  through  the  beds  after  being  for 
some  distance  on  a  monoclinal  valley  in  the  red-beds.  Above,  at  Fair 
Play,  its  course  is  again  across  the  strike  of  the  beds.  Here  it  has  cut 
deeply  into  deposits  of  gravel,  which  are  iirobably  the  result  of  glacial 
action.  This  may  also  account  for  the  course  of  the  stream  at  this 
point,  a«  its  bed  may  have  been  determined  by  a  glacier.  Near  Fair 
Play,  the  gravel,  which  is  auriferous,  is  from  70  to  100  feet  thick,  com- 
posed of  rather  large  rounded  boulders.  Between  the  Platte  River  and 
the  mountains  that  form  the  western  boundary  of  the  park,  the  country 
is  rather  uniformly  level,  and  so  covered  with  drift  that  we  have  very 
few  exposures  of  rocks.  It  is  not  until  we  reach  the  Little  Platte,  abqut 
ten  miles  south  of  Fair  Play,  that  we  have  any  definite  exposures.  At 
this  point,  near  a  bend  in  the  creek,  I  made  the  following  sections,  sec- 
tion No.  10  being  made  at  the  point  A  in  Fig.  2,  Plate  VI,  and  section 
No.  11  from  the  point  B  to  C.  The  dip  of  the  beds  on  the  bluff  where 
section  No.  10  was  made  is  about  south  76o  west;  angle  of  inclination, 
250  to  360. 

Section  No.  10. 

In  ascending  order: 

a.  1.  Pink  sandstone j  -o  ^    ^. 

2.  Space  covered  up ^Owieeii. 

3.  Bine  limestone,  3  to  4  feet i  01  r^^f 

4.  Space  covered  up J  "^ 

5.  Reddish  sandstones 120  feet. 

6.  Space  probably  filled  with  alternation  of  sandstones  and 

limestones 120  feet. 

7.  Blue  limestone  4  to  6  feet )  ^c)  f^Q^ 

8.  Space  covered  up j 
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9.  Red  sandstone X^'ar 

10.  Space  coveredup j  '"  ^^^^ 

11.  Lightgray  sandstone i  .^  - 

12.  Red  sandstone p-  '^^ 

13.  Blue  limestone 10  feet. 

14.  lied  sandstone  shales 8  feet. 

15.  Dark-gray  argillaceons  sandy  shales,  breaking  into  fifte 

layers,  between  which  are  crysUils  of  pseudo-malachite  10  feet. 

16.  Red  sandstone  shales 25  feet. 

17.  Light- gray  sandstone 8  feet. 

b,  18.  Very  dark  blue,  almost  black,  limestone ....  5  feet. 

These  beds  are,  I  think,  a  portion  of  those  just  below  the  red-beds 
included  in  s(H;tion  No.  9,  between  beds  17  and  51.  I  am  inclined  to 
refer  them  all  to  the  Permian  ou  Permo-Carboniferous.  At  any  rate,  if 
not  Permian,  they  are  high  up  in  the  Carboniferous.  I  shall  refer  to 
theui  again  in  a  subsequent  chapter,  when  I  have  occasion  to  speak  of 
similar  rocks  found  on  the  Eagle  River,  a  branch  of  the  Grand  River. 

Between  the  points  A  and  B  in  Fig,  2,  Plate  VI,  the  Little  Platte 
makes  a  bend,  as  is  seen  on  the  map.  The  section  in  the  illustration 
crosses  the  stream  twice,  therefore,  as  shown  at  the  points  c  and  d.  ^Xe 
then  ascend  the  hill  B,  which,  from  the  exposures  of  bright-red  sand- 
stones where  the  river  had  cut  through,  is  conspicuous  from  a  long  dis- 
tance. It  is  from  the  summit  of  this  hill  westward  that  section  No.  11 
is  made. 

Section  No.  11. 

Made  in  descending  order : 

1.  Red  sandstoneshalesoutcroppingon  the  summit 
of  the  hill  dipping  south  50^  west,  at  an  angle 
of  about  30O 

2.  Very  compact  sandstones,  generally  of  a  mottled '] 
character, in  rather  thin  layers;  general  color, 
brick  red 

3.  Very  soft  red  sandstone,  the  first  outcrop  dipping 
as  No.  2.  Proceeding  a  very  short  distance 
we  find  that  these  sandstones  form  the  center 
of  a  small  synclinal  fold,  the  dip  of  the  west- 
ern side  being  to  the  northeast,  at  an  angle 
of  about  350  to  400.   We  then  have  beds  No. 

2  and  1  the  same  as  given  above;  below 
which  we  have — 

cto/.  -{    4.  Bright  red  shales 

5.  (hoarse  pink  sandstone 

C.  Red  sandstones  and  shales 

7.  White  sandstone  with  greenish  tinge 

8.  Very  hard  light-gray  sandstones  with  bands  of 
red  shaly  sandstone,  varying  from  4  inches  to 

3  feet 

9.  Hard  gray  sandstone,  very  similar  to  No.  8,  with 
bands  of  soft  red  shales.  The  gray  sand- 
stone is  in  bands  from  G  inches  to  a  foot. . . . 

10.  Brick-red  sandstones  with  pinkish  layers 

11.  Bands  of  hard  gray  sandstone  with  interlami- 
nated  shales,  very  fine  and  dark  red.    The 

I             lower  band  is  about  2  feet  thick,  middle  G 
[^  inches,  and  top  1  foot 


\     40  feet. 


10  feet. 

80  feet. 

3  feet. 


40  feet. 


20  feet. 
31  feet. 


33  feet. 
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f  12.  Coarse  light-red  sandstone 6  feet 

13.  Maroon-colored  sandstone,  shales  streaked  with 
red.  Near  the  top  there  are  lighter-colored 
bands  showing  a  gradual  change  toward 
No.  12 

14.  White  sandstone 

15.  Maroon-colored  shales 

16.  IMuk  sandstone  with  red  bauds 

17.  Fine  maroon-colored  shales 

18.  Light-maroon  red  sandstone  shales 108  feet. 

19.  Darkmaroou  red  sandstoue  shales,  very  fine- 
grained       108  feet. 

20  feet. 


107  feet. 
13  feet. 
400  feet. 
110  feet. 
220  feet. 


h. 


I. 

Jc. 
I. 


660  feet. 


16  feet. 
22  feet. 
15  feet. 
26  feet. 


38  feet. 


j  20.  Reddish  maroon-colored  sandstoue 

21.  Gray  micaceous  sandstone  with  green  spots, 
very  closely  resembling  those  found  in  bed 
15  of  section  No.  10.  I  think  this  is  a  higher 
bed,  however 15  feet. 

22.  Sandstones  of  a  general  greenish-gray  color 
extending  for  about  a  quarter  of  a  mile. 
These  are  probably  a  few  beds  of  inte.rlami- 
nated  limestone.  The  beds  were  too  much 
covered  up,  however,  except  to  show  that 

{  the  sandstones  are  micaceous 

23.  Dull  reddish  sandstone,  rather  light  colored. 
This  bed  is  on  the  summit  of  the  blufi's  at  C 
in  the  figure 

24.  Fiue  black  and  gray  shales 

25.  Yellowish-whrte  sandstone 

26.  Brownish-red  sandstone 

27.  Space  reaching  to  the  bottom  of  the  hill,  proba- 

bly filled  with  sandstone,  but  so  covered  with 
dSbris  that  the  rocks  are  entirely  concealed. 

All  the  beds  given  in  this  section  are  probably  above  those  of  section 
No.  11.  They  probably  came  up  in  the  valley  of  the  river  between  the 
points  A  and  B,  where  the  river  turns,  their  softness  allowing  them  to 
yield  readily  to  the  action  of  the  water. 

My  time  was  too  limited  to  carry  the  section  any  farther  either  to  the 
eastward  or  to  the  west.  In  the  latter  direction  the  beds  continue  down 
through  the  Carboniferous  and  Silurian.  In  following  up  the  Little 
Platte  we  find  exposures  of  red  sandstone  shales  resting  on  limestones. 
I  did  not  have  time  to  make  any  section  in  the  caiion,  but  in  a  subse- 
quent portion  of  the  chapter  will  give  a  section  made  a  little  to  the 
north  of  the  creek.  To  the  eastward,  about  five  miles  down  the  stream, 
I  learn  from  the  notes  of  Mr.  Taggart,  is  a  butte  on  the  northeast  side, 
west  of  which  are  exposures  of  rod-beds,  as  shown  in  Fig.  7,  Plate  VI, 
at  B.  The  dip  here  is  5^  toward  the  northeast.  Therefore,  between 
this  point  and  the  bend  of  the  stream  where  section  No.  10  was  made, 
is  an  anticlinal  axis  increasing  from  north  to  south,  for  there  is  no  indi- 
cation of  it  due  east  of  Fair  Play.  This  is  probably  the  only  fold,  there 
scarcely  being  room  for  more.  The  axis  is  about  north  and  south.  The 
butte  itself  is  volcanic,  and  the  r€^-beds  tipped  up  against  a  dip  from 
8o  to  10^  to  the  westward,  as  shown  in  the  illustration.  Crossing 
Four  Mile  Creek  the  dip  is  again  east  or  northeast.  Eeturniug  to  the 
road,  which  keeps  close  to  the  low  hills,  a  short  distance  below  the  point 
where  sections  Nos.  10  and  11  were  made,  is  an  outcrop  of  gray  sand- 
stone, dipping  a  few  degrees  north  of  west    Still  farther  down  the  road 
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Tre  pass  over  the  apturncd  edges  of  the  same  sandstone  now  dipping  in 
the  opposite  direction.  Jnst  above  it  is  an  outcrop  of  dark-bine  lime- 
stone only  a  few  feet  in  thickness.  This  is  the  same  fold  that  we  find  in 
section  No.  11,  at  the  point  B  in  Fig.  2,  Plate  VI.  The  axis  has  a 
direction  nearly  north  and  south.  The  fold  continues  southward,  and  is 
shown  again  in  a  low  hill  above  the  salt-works  at  the  point  O  in 
Fig.  7 J  Plate  YI.  It  is  not  so  decided  here,  however,  and  seems  to  be 
dying  out.  Fig.  7,  Plate  VI.  represents  a  section  running  from  the 
west  side  of  the  park  eastwai*a  to  the  volcanic  butte  on  the  west  side  of 
Four  Mile  Creek.  The  following  section  is  made  on  the  bluff  shown  in 
Fig.  7  at  the  point  C.    It  is  in  ascending  order  on  the  line  a  b : 

Section  No.  12. 

a.  1.  Tlie  beds  at  the  base  of  the  bluff  are  entirely  concealed  for  some 
distance,  and  then  we  have — 

2.  Red  shaly  sandstones  breaking  into  very  irregular  pieces,  18  feet. 

3.  Light  red  shaly  sandstones  in  bands  of  varying  structure.    The 

general  color  is  of  a  brick  red ;  some  of  the  bands  are  very 
soft,  and  in  fine  laminae,  while  others  are  very  hard.  The  latter 
are  very  dark,  almost  brown.  The  top  of  the  bed  is  especially 
shaly,  and  hits  lighter-colored  bands,  68  feet. 

4.  Rather  coarse,  grayish-white  sandstone,  8  feet. 

5.  Reddish  and  greenish-gray  sandstone,  with  interlaminated  shales. 

'Sear  the  top  there  are  very  fine  red  shales,  45  feet. 

6.  Greenish-gray  sandstone  with  bands  of  shale,  5  feet, 

7.  Brownish-red  sandstone  with  interlaminated  pink  shales,  5G  feet. 

8.  Coarse,  light-pink  sandstone,  12  feet 

9.  Shaly  sandstones,  dark-red  and  very  compact,  at  top  lighter  colored 

and  more  shaly  below,  8  feet. 

10.  Conglomerate  sandstone  with  irregular  pebbles  of  limestone,  38  feet. 

11.  Coarse  yellowish  sandstone,  10  feet. 

12.  Coarse  irregular  sandstone,  10  feet 

13.  Compact  dark-red  sandstone,  with  interlaminated  shales,  125  feet 

14.  Soft  light-red  shaly  sandstone,  15  feet. 

15.  Soft  and  rather  tine  gray  sandstone  shales,  15  feet. 

16.  Gray  sandstone,  10  feet. 

17.  Brownish-red  shales,  28  feet. 

18.  Light-red  shales,  77  feet. 

19.  Coai'se  white  sandstone. 

20.  Red  shales 

This  last  bed  crowns  the  bluff.    The  dip  of  the  beds  is  from  15^  to 

20O,  They  are,  without  doubt,  of  the  same  age  as  the  beds  of  sections  10 
and  11,  which  1  thought  were  Permean.  Near  the  salt-works  we  have 
three  isolated  buttes.  The  most  southern,  the  one  on  the  east  of  the 
salt-works,  is  trachy  tic,  and  is  about  580  feet  high.  The  rock  is  of  a  liver- 
color,  an<l  jcaspers  are  scattered  over  it  in  abundance.  The  base  of  the 
butte  is  covered  up,  but  from  the  occurrence  of  gy|)sum  in  considerable 
quantity  1  take  the  rocks  to  be  either  of  Cretaceous  or  Jurassic  age. 
There  are,  however,  no  well-delined  outcrops.  To  the  east  of  this  butte 
are  two  others,  which  Mr.  Taggart  determined  to  be  volcanic,  and  of  the 
same  character.  One  of  these  buttes  has  two  cone-like  projections. 
The  i)lain  around  them  is  covered  with  an  alkaline  efflorescence.  This 
is  especjially  seen  in  the  valley  in  which  the  salt-works  are  situated. 
All  the  water  in  the  streams  in  this  region  has  an  alkaline  taste.  At 
the  works  are  two  springs  and  two  w^ells  that  have  been  sunk  by  the 


I  42  feet 
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company.  The  works,  which  have  been  quite  extensive,  are  now  entirely 
deserted.  Crossing  the  stream  to  thebutte  north  of  the  works,  we  discover 
at  the  baseexposuresof  gray  sandstones  laminated,  and  containing  gyp- 
sum. These  sandstones  seem  to  dip  toward  the  north.  'In  some  places  the 
gypsum  seems  to  be  interbedded,  and  in  others  occurs  only  in  i)0ckets. 
Ascending  the  butte,  we  find  on  the  top  trachyte,  very  much  like  that 
on  the  butte  east  of  the  works.  The  slope  for  some  distance  is  covered 
with  debris  from  this  rock.  It  is  probably  a  portion  of  an  overflow  that 
was  once  continuous  toward  Buffalo  Peaks,  for  to  the  west,  on  a  line 
between  it  and  the  peaks,  is  a  third  butte  capped  in  the  same  manner, 
having  gypsiferous  beds  at  the  base.  The  gypsum  is  very  impui^  com- 
pared with  that  found  in  the  hogbacks  outside  the  mountains.  East  of 
the  salt-works  the  line  of  the  volcanic  material  has'a  direction  toward 
the  southwest,  to  the  divide  between  South  Park  and  tbe  Arkansas 
Eiver,  where  we  shall  speak  of  it  again  in  a  subsequent  portion  of  tliis 
chapter.  The  range  on  the  west  side  of  the  park,  the  Park  range,  is 
for  tlie  most  part  composed  of  sedimentary  formations,  which  have  been 
thrown  up,  and  dip  toward  the  park.  There  are  a  number  of  extensive 
faults,  the  down-throw  being  always  on  the  west  side.  This,  liowever, 
will  be  rendered  clear  as  we  proceed.  We  will  return  to  the  northwest 
part  of  the  park  and  commence  tbe  consideration  of  this  range  with 
Mount  Lincoln,  one  of  its  highest  peaks.  Mount  Lincoln  and  Mount 
Bross  have  both  become  widely  known  since  the  discovery  on  them  of 
extensive  deposits  of  silver- bearing  galena.  The  mines  here  will  be 
described  in  the  mining  report  of  Dr.  Endlich.  Mr.  Taggart  ascended 
Mount  Lincoln  from  the  town  of  Montgomery,  and  in  speaking  of  the 
geological  structure  I  will  quote  frequently  from  his  notes.  On  the 
west  side  of  the  Platte  Eiver,  below  Montgomery,  he  made  the  following 
section : 

Section  No.  13. 

Ascending  order : 

1.  A  light-colored  quartzite,  very  much  broken  up.    The  weathered  sur- 

face is  greenish.    The  dip  is  12^  to  north  of  east,  20  feet. 

2.  Gray  crystalline  limestone,  conformable  to  No.  1.    It  has  bands  of 

laminated  gray  limestone,  varying  from  a  foot  to  a  foot  and  a 
half  ejicli,  12  feet. 

3.  Limestone  very  much  like  that  of  No.  2,  only  darker  in  color,  15  feet. 

4.  Cheity  limestone,  12  feet. 

Mount  Lincoln  is  14,121  feet  above  sea-level.  It  is  capped  with  a 
trachy  tic  rock,  as  seen  in  Fig.  5,  Plate  VI.  This  is  probably  the  result 
of  a  flow  from  a  dike ;  erosion  has  carried  away  so  much  material  that 
it  is  isolated,  and  it  resembles  a  bed  that  is  contemporary.  Atone  point 
on  the  northeast  spur  of  the  mountain  Mr.  Taggart  says  he  found  a 
well-defined  dike,  about  10  feet  in  width,  which  seemed  to  extend  through 
the  bends. 

On  the  ridge  running  toward  Mount  Bross  Mr.  Taggart  made  the  fol- 
lowing partial  section : 

Section  No.  14. 

1.  Soft  and  brittle  carbonaceous  shale,  6  feet. 

2.  Gray  quartzite,  with  bands  of  a  dark  ferruginous  quartzite  one  to 

two  feet  each,  78  feet. 

3.  Laminated  micaceous  sandstonci  2  feet. 

15  G  S 
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4.  Gray  crystalline  limestone,  with  cross  cleavage,  breaking  into  small 

irregular  pieces,  10  fe<5t. 

5.  White  quartzite,  3  feet. 
0.  Dark  quartzite,  6  feet. 

7.  (jray  limestone,  with  shaly  bands  and  cross-cleavage,  harder  and 

lighter  colored  in  the  upper  part  of  the  bed,  20  feet. 

8.  White    quartzite,  gradually  becoming  darker   until  it  is  red,  80 

feet. 

9.  Very  hard  brownish  limestone  becoming  laminate<l  and  dark-col- 

ored towards  the  top,  125  feet. 

10.  Light-colored  quartzite,  50  feet. 

11.  Brown  volcanic  rock  like  that  on  the  summit  of  Mount  Lincoln, 

only  darker  in  color. 

'*  Below  Xo.  11  is  the  limestone  in  which  the  mines  are  situated.  After 
about  100  feet  of  this  is  a  gray  crystalline  limestone,  very  hard  and  com- 
pact. This  continues  for  several  hundred  feet.  It  is  very  irregular  and 
much  broken  up,  and  is  followed  by  a  brown  ciystalline  limestone,  fit>m 
whicli  tbere  is  a  great  deal  of  debris,^ 

Fig.  5,  Plate  VI,  represents  a  section  through  Mount  Lincoln  and  Mount 
Bross,  in  a  direction  north  and  south.  Mount  Bross  is  nearly  two  miles 
south  of  Mount  Lincoln.  Between  the  two  there  is  therefore  a  i)ortion 
hollowed  out,  x)robably  by  glacial  action.  A  semicircular  ridge  connects 
the  two  mountains,  which  were  once  probably  continuous.  On  this  ridge 
Mr.  Holmes  made  the  following  section  from  below  up : 

1.  Gneiss. 

2.  Quartzite. 

3.  Blue  limestone. 

4.  Yellow  limestone. 

5.  Limestone,  (ore-bearing.) 

6.  Volcanic. 

1  learn  from  Mr,  Gardner  and  Mr.  Holmes  that  the  quartzites  are 
faulted  on  Mount  Lincoln.  The  quartzites  are  probably  the  equivalent 
of  the  Potsdam  sandstone,  and  the  limestones,  which  are  mostly  magne- 
sian,  should  be  referred  to  the  Quebec  group.  In  the  latter^  in  Four 
Mile  Creek  Canon,  1  found  fossils  that  point  toward  such  a  conclusion. 
Fig.  0,  Plate  VI,  is  a  section  tlirough  IVIount  Bross  from  west  to  east. 
The  beds  of  the  section  will  be  found  in  Doctor  Endlich'a  rc»port.  Further 
not(»s  in  regard  to  Mount  Lincoln  will  be  found  also  in  Doctor  Ilayden'a 
report.  West  of  Mount  Lincoln  is  Buckskin  Mountain,  which  heads 
three  streams,  viz :  the  South  Platte  liiver.  Buckskin  Creek,  and  a 
branch  of  the  Arkansas  River.  The  first  flows  to  the  northeast,  and 
turning  to  the  east  around  Mount  Lincoln,  flows  southeast.  Tlie  second 
tlows  to  the  southeast  into  the  South  Platte,  while  the  third  flows  to  the 
northwest  for  about  five  or  six  miles,  and  then  turns  to  the  southwest 
and  empties  into  the  Arkansas.  Above  the  town  of  Montgomery, 
between  the  South  Plate  and  the  Blue  Rivers,  on  the  main  divide,  is  a 
pass  called  lloosier  Pass.  Its  elevation  is  11,304.  In  regard  to  the 
geology  here,  I  refer  again  to  the  notes  of  Mr.  Taggart,  who  says :  "The 
pass  shows  no  outcrop,  but  is  covered  with  granite  boulders.  East  of 
it  is  a  point,  (A  in  Fig,  3,  Plato  VI,)  the  sides  of  which  show  no  out- 
crop. The  summit,  which  is  flat,  is  covered  with  volcanic  rock,  and  holes 
dug  by  prospectors  show  the  same  material.  There  is  a  slope  to  the 
eastward.  In  the  depression  or  saddle  between  this  point  and  the  next 
one,  which  is  higher,  the  surface  is  covered  with  a  debris  of  fine-grained 
gray  granite.  As  we  ascend  the  higher  summit  we  meet  first  with  an 
outcrop  of  volcanic  rock,  aud  then  higher  up  an  outcrop  of  coarse  con- 
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glomeritic  sandstone,  which  continues  only  a  short  distance,  and 
then  we  have  volcanic  again,  which  continues  over  the  summit  until 
we  again  find  on  the  opposite  slope  the  sandstone.  There  is  another 
rise.  Then  we  have  volcanic  again,  and  then  sandstone  and  vol- 
canic rock  alternately  for  about  half  a  mile,  when,  in  a  greater 
depression  than  the  previous  ones,  we  meet  with,  first,  a  coarse  sand- 
stone, which  becomes  finegrained,  somewhat  shaly  toward  the  top.  It 
is  followed  by  a  red  micaceous  laminated  sandstone  at  the  point  B. 
These  beds  all  dip  east  at  an  angle  of  about  15o.  They  all  seem  to  lie 
in  the  lap,  as  it  were,  of  the  volcanic  rock  which  is  pushed  up  through 
them.  This  is  shown  in  the  illustration  Fig.  3,  Plate  VI.  On  the  north- 
em  slope  of  one  of  the  higher  points  (D)  are  fragments  of  a  blue  lime- 
stone. Above  it  is  volcanic  rock,  but  I  could  not  determine  the  order 
of  superposition.  On  the  opposite  side  is  a  cliflF-like  wall  about  0  feet 
high.  The  volcanic  rock  seemed  to  overlie  it,  and  at  one  point  there 
was  a  distinct  dike  about  2  feet  in  width,  running  through  the  lime- 
stone. The  volcanic  rock  seems  to  have  been  thrust  uj)  and  spread  out 
over  the  limestone.  On  the  next  slope  are  some  coarse  sandstones, 
dipping  toward  the  west.  From  this  point  the  ridge  continues  to  rise 
gradually,  and  we  have  a  long  saddle- like  depression  connecting  it  with 
Silver  Heels  Mountain.  On  the  side  of  the  next  high  point,  in  addition 
to  the  beds  already  named,  are — 

''1.  Coarse  sandstone. 

^'2.  Bed  shale  sandstone. 

"3.  Conglomerate. 

"4.  Sandstone. 

"  These  beds  lie  against  the  side  of  the  hill,  and  dip  to  the  northeast," 

The  following  section  was  made  by  Mr.  Taggart  on  the  ridge  east  of 
Mount  Lincoln,  on  the  east  side  of  the  South  Platte  River,  and  is  in 
ascending  order : 

Section  No,  15, 

1.  Volcanic  rock,  which  seems  to  reach  to  the  timber-line,  although 
there  are  no  distinct  outcrops.  The  whole  surface,  however,  is  covered 
with  fragments  of  the  rock. 

2.  Coarse  gray  couglomeritic  sandstone. 

On  the  summit  of  the  next  ridge  we  have — 

3.  Volcanic  rock  in  blocks.    Then — 

4.  Gray  shaly  sandstone,  dipping  to  the ,  at  an  angle  of  about 

150.    This  is  about  3  feet  thick. 

5.  Red  shaly  sandstone,  about  0  feet. 

G.  Fine  gray  sandstone,  with  small  gray  quartz  pebbles. 
7.  Volcanic  rock  in  blocks  as  before.  This  exposure  is  on  a  higher 
point. 
This  section  made  by  Mr.  Taggart  fills  the  gap  between  Mount  Lin- 
coln and  section  Xo.  9,  made  across  the  park,  the  profile  of  which  is 
shown  in  Fig.  1,  Plate  VL  This  volcanic  rock,  to  which  reference  has 
been  frequently  made,  is  mostly-  trachytic,  and  although  in  many  places 
it  has  very  much  the  appearance  of  being  contemporary,  1  am  of 
the  opinion  that  it  is  all  intrusive.  We  find  that  where  it  is  conforma- 
ble to  the  sandstones  and  limestones  the  latter  beds  are  always  changed 
on  both  sides  of  the  volcanic  material.  We  have  already  seen  this  in 
the  section  made  on  Silver  Heels,  and  we  shall  see  it  again  in  sections 
made  farther  south.  There  are  also,  as  we  shall  see  in  Buckskin  Gulch 
and  in  the  cailon  of  Four-Mile  Creek,  a  number  of  faults  and  dikes,  in 
which  everything  points  to  the  intrusive  origin  of  the  volcanic  rock. 
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This  will  be  more  clearly  shown  as  we  process.  First,  we  will  speak  of 
Buckskin  Gulch.  Buckskin  Creek,  like  all  the  streams  heading  in  the 
Park  range,  has  cut  profoundly  into  the  rocks,  giving  us  an  excellent 
opportunity  to  study  the  geolo^cal  structure.  As  I  have  said  before, 
the  creek  rises  on  the  southeast  side  of  Triaqua,  or  Buckskin  Mountain, 
and  flows  toward  the  southeast,  around  the  west  side  of  Mount  Bross, 
and  empties  into  the  South  Platte.  Passing  through  the  deserted  town, 
which  was  once  a  mining  center,  we  soon  find  ourselves  in  the  cailon. 
On  the  top  of  the  wall-like  blulTon  either  side,  capping  it,  are  quartzites 
and  limestones  dipping  a  little  south  of  east,  at  an  angle  of  about  IIP 
to  150. 

Approaching  more  closely,  we  see  that  the  quartzites  resting  on  the 
granite  are  faulted.  The  appearance  of  the  bluff-like  wall  is  shown  in 
Fg.  .  This  is  on  the  south  side  of  the  ctifion.  The  following  sectiou 
in  ascending  order  is  made  on  the  line  a/,  in  Fig.  3,  Plate  VII : 

Section  No,  16. 

a.         1.  Granites,  coarse  and  rose-colored.    They  extend  to  the  bed  of 

the  creek  covered  with  debris, 
h.         2,  Very  hard  white  quartzite,  20  to  30  feet. 

3.  Greenish  volcanic  rock,  growing  wider  as  we  go  toward  the 
west  and  thinning  out  to  the  eastward,  15  feet. 

c.  4.  White  quartzite,  10  feet. 

5.  Greenish  volcanic  rock,  terminating  in  a  wedge-like  point    It 
has  si)lit  No.  4  from  the  bed  above,  (No.  6,)  12  feet. 
(    6,  White  quartzite,  really  a  part  of  No.  4,  G  feet. 

d.  }    7.  Brownish  snuflf-colored  quaitzite,  2  feet. 

(    8.  Light-colored  quartzite,  with  dark  lKiuds,14  feet. 

9.  Greenish  volcanic  rock,  terminating  in  a  wedge-like  point,  the 

point  this  time  being  to  the  westward,  while  before,  in  No.  5, 

it  was  toward  the  east,  12  feet, 
r  10.  Dark-colored  quartzites,  6  feet. 

11.  Light-colored  quartzites,  8  feet. 

12.  Banded  quartzite,  in  layers  about  a  fool  thick  each,  gray  and 
€,    <  rust-colored,  12  feet. 

13.  Light  pinkish  quartzite,  4  feet. 

14.  Dark  reddish  quartzite,  15  feet. 

15.  Banded  quartzites,  about  100  feet. 

These  beds  correspond  to  the  quartzites  on  the  side  of  Mount  Lincoln, 
and  are  undoubtedly  only  their  southern  prolongation.  As  wo  go  up 
the  creek  we  find  that  there  is  a  large  fault,  and  that  we  again  come  to 
these  beds  dipping  in  the  same  direction.  The  line  of  this  fault  if  pro- 
longed would  pass  to  the  west  of  Mount  Lincoln  near  Triaqua  Mountain. 
It  probably  extends  into  Mr.  Marvine's  district.  It  also  continues  to  the 
southward,  where  we  shall  refer  to  it  again ;  the  down-throw  is  to  the 
west.  In  Mosquito  Gulch,  the  next  one  south  of  Buckskin,  the  same 
beds  occur  with  the  same  great  fault,  and  with  smaller  local  faults  in  the 
quartzites.  Mr.  Taggart  made  the  following  section  on  the  south  side 
of  the  creek.  It  is  made  to  the  right  of  the  fault  (AB,  CD,  EF,)  shown 
in  Figs.  1,  2,  and  3,  Plate  VIII. 

Section  No,  17. 

1.  Reddish  volcanic  rock. 

2.  Dark  quartzite,  (reddish,)  3  feet. 

3.  Light  quartzite,  dipping  20^  toward  east,  8  feet. 
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4.  Keddish  volcanic  rock,  12  feet. 

5.  Light  qaartzite  banded  with  dark,  5  feet 
C.  Gray  quartzite. 

r  e.         8.  Greenish  volcanic  rock,  10  feet 

-p.      o  ^'  Ligl^t  quartzite ;  unable  to  get  thickness. 

T>ioi  ViTT  \  1^-  Micaceous  sandstone,  4  feet 

riate  viii.  ^^    ^jjj^  quartzite,  8  feet 

[^  d.       12.  Reddish  volcanic  rock,  15  feet, 
-p.     J       Cc.       13,  White  quartzite  opposite  volcanic  rock. 

T),\*^vi'rT  \  ^'       l*^'  Greenish  volcanic  rock,  8  feet. 
i:'iaie  V  111.  ^  ^        j5   ^j^^y  quartzite,  6  feet 

IG.  Micaceous  sandstone,  4  feet 

17.  Gray  quartzite,  with  bands  of  brown  sandstone, 

20  feet. 

18.  rink  sandstone,  with  bands  of  pink  shales  2  to  6 

inches  thick,  3  feet. 

19.  Gray  quartzitic  sandstone.  40  feet 

20.  Compact  gray  limestone,  15  feet. 

From  Mr.  Taggirt's  notes  I  take  the  following:  " Below  bed  No.  2 
there  is  gneiss  on  the  same  plane  with  a  gray  quartzite,/,  in  Fig.  3,  Plate 
Vlll.  From  diagram  Xo.  2  to  3  the  liive  of  the  fault  is  continuous. 
The  fault  is  filled  with  volcanic  rock,  which  can  bo  very  readily  traced. 
The  diagrams  had  to  be  made  in  sections.  The  line  is  not  uniform. 
The  volcanic  rock  at  the  bottom  of  diagram  No.  2  is  probably  continu- 
ous with  that  at  the  top  of  No.  2,  but  there  was  so  much  debris  that  I 
was  not  able  to  ascertain  definitely  if  it  was  or  not." 

The  qnartzites  in  Mosquito  G  ulch  dip  more  nearly  to  the  east  than  they 
do  in  Buckskin.  The  angle  is  about  15^.  Going  up  creek  we  find  the 
same  fault  we  saw  in  Buckskin,  and  after  passing  the  gneiss  we  find  a 
small  patch  of  quartzites,  still  dipping  east  but  at  a  less  angle.  The 
gneiss  has  seams  of  volcanic  rock.  Then  we  have  another  fault,  the 
line  a  b  in  Fig.  1,  Plate  VII,  which  shows  the  appearance  on  the 
south  side  of  Moscjuito  Creek.  A  short  distance  farther  up,  between 
the  forks  of  the  creek,  is  an  isolated  hill.  (Fig.  2,  Plate  VII,  shows 
this  liill  looking  north.)  The  eastern  end  is  gneiss,  then  follows  vol- 
canic rock,  and  at  the  western  end  the  same  beds  of  quartzite  outcrop 
that  we  saw  at  the  mouth  of  the  caHon.  When  we  cross  to  the  Arkan- 
sas side  of  the  range  we  find  them  again,  while  between  is  a  layer  of 
verA^  massive  volcanic  rock.  In  addition  to  the  quartzites  on  the  Ar- 
kansas side  are  very  dark,  almost  black,  limestones,  which  pix)bably 
belong  to  the  Quebec  group.  These  rocks  are  all  highly  metamor- 
phosed. The  divide  itself  is  composed  of  a  volcanic  rock  with  Silurian 
strata  above.  Between  the  divide,  which  has  an  elevation  over  12,0(J0 
feet,  and  the  hills  to  which  we  have  just  referred,  and  which  are  sho\Mi 
in  the  illustrations,  there  is  a  low  pass,  the  direction  of  which  is  north 
and  south.  On  the  branches  of  Sacramento  Creek — the  next  south  of 
Moscpiito — the  same  beds  are  lifted  up  on  the  granites.  1  did  not  go 
up  the  creek,  but  doubtless  the  same  faults  exist  that  are  seen  on  tbe 
other  streams.  It  was  on  Horseshoe  or  Four-Mile  Creek  that  we  were 
able  to  make  the  most  complete  sections.  The  following  section  was 
made  from  the  mouth  of  the  caiion  of  Four-Mile  Creek  westward  to 
Horseshoe  Mountain.    It  is  in  descending  order : 

Section  Ko.  18. 

a,  1.  Brown  metamorphosed  sandstone,  3  feet  ^ 
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2.  Blue  limestono,  30  feet. 

3.  LamiDated  liinestoue,  bluish-gray,  10  feet. 

4.  Coarse  brownish  qiiartzite,  3  feet. 

o.  Light-bluish  limestone,   with  cross  cleavage,  and  contaiuiug  in 
places  grades  with  quartz  crystals,  20  feet. 

6.  Light  grayish-blue  limestone,  on  weathered  surfaces  light  gray  j 

in  the  middle  there  is  a  band  of  blue  limestono  with  white 
seams,  70  feet. 

7.  Blue  limestone,   the  upper  layers  very  hard  and  compact.    The 

lower  layers  are  fossiliferous,  and  contain  on  the  wesithered 
surface  fragments  of  an  Orthis  like  0.  dcHmopleura^  Meek,  aud 
Euomphuhis^  50  feet. 

8,  Light-gray  magnesian  limestones,  30  feet. 

9.  Quartzitei  10  feet. 

10.  Bluish  magnesian  limestone,  4  feet. 

11.  Very  hard,  reddish  cjuartzite,  with  interlaminated  black  shales,  the 

latter  about  6  incbes  in  width,  and  the  quartzite  varying  from  8 
inches  to  2  feet,  10  feet. 

12.  Ked  and  green  hard  shales,  in  fine  lamime,  and  breaking  into  small 

pieces,  2  feet. 

13.  Keddish-brown  quartzitic  sandstones.    About  3  feet  from  the  bot- 

tom there  is  a  layer  6  inches  thick  of  red  shale,  with  mud-marks 
in  layers  of  a  few  inches  each.  Tbe  surfaces  between  the  laj'ers 
are  brightest  in  color ;  40  feet. 

14.  Fine  brownish-gray  sandstone  shale,  in  laminuj  one-fourth  of  an 

inch  thickness,  2  feet. 

15.  Brown  quartzitic  sandstone,  in  laminro  from  2  to  4  inches  thick;  at 

the  top  the  surfoces  are  coated  with  green,  30  feet. 
IG.  lleddish  quartzitic  sandstone,  20  feet. 

17.  Dark-purplish  quartzitic  sandstone,  containing  near  the  top  irregular 

layers  of  soit,  dark-purple  sandstone,  with  green  glauconitic  (f) 
grains,  15  feet. 

18.  Eeddish  quaitzitic  sandstone,  somewhat  irregular  in  structure,  and 

containing  layers  of  quartzite  each  a  few  inches  in  thickness,  15 
feet. 

19.  Quartzite,  white  below  and  pink  above,  in  beds  of  2  or  3  feet  thick- 

ness, 15  feet. 

h,  20.  Gneiss  reaching  to  the  bed  of  the  creek.  On  the  summit  of  the 
hill  we  have  some  of  these  beds  folded  in,  as  shown  at  the  point 
fc  in  Fig,  1,  Plate  IX,  between  the  gneiss  and  the  next  bed. 

21.  Volcanic  rock,  causing  the  great  fault  between  the  points  ^'  and  c 
in  the  section.  In  this  volciinic  rock  there  are  included  frag- 
ments of  the  stratilied  beds  of  the  section  given  above.  The  thick- 
ness of  the  rock  is  about  300  feet. 

0.  22.  Sandstones  somewhat  coarse  and  conglomeritic,  dipping  at  au 
angle  of  about  25o  to  30<^. 

ih  23.  Volcanic  rock,  like  21.  This  forms  the  cap  of  the  hill,  marked  d 
in  the  illustration.  At  the  bottom  it  appe^irs  to  bo  about  300 
feet  thick,  and  at  the  top  must  be  nearly  1,000  feet.  The  rock  is 
pori)hyritic,  aud  the  lower  layer  next  to  beds  of  No.  24  have  a 
somewhat  regular  join tage  at  right  angles  to  the  dip.  The  color 
below  is  a  gra^,  becoming  rusty  in  places  and  ligliter  in  color 
above. 

24.  Sandstones,  for  the  most  part  coarse  and  conglomeritic,  with  int«r- 
laminated  black  argillaceous  shales,  especially  near  the  top;  below 
wo  have  a  few  bauds  of  limestone,  reaching  3  or  4  feet  in  thick- 
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ncss.  These  sandstones  extend  from  do  gin  the  illustration.  At 
the  point/ there  is  a  small  fold.  The  f?eneral  dip  is  to  the  east- 
^vJ^rd,  at  an  angle  of  from  10^  to  20^.  The  angle  is  greater  on  the 
west  side  of  the  fold.  The  thickness  of  the  sandstones  is  about 
0(Ki  feet. 

25.  Bhiek  and  greenish-gray  sandstcmes.  shales  micaceous,  0  feet. 

20.  Sandstone,  51  ieet. 

27.  Bhie  limestone,  very  dark,  and  weathering  of  a  reddish  brown  color^ 

20  feet. 

28.  Sandstones,  couglomeritic,  generally  of  a  gra^^  color,  about  000  to 

800  feet. 
20.  Fine  bhick  shales,  G  feet. 

30.  Greenish-gray  mieacfons,  sandstone-shale.    The  mica  is  silvery  and 

especially  distinct  between  the  laminuB.  They  become  qnartzitic 
above,  34  feet. 

31.  Bluish  and  brownish  limestone,  with  interlaminated  shales,  10  feet, 

32.  Sandstone,  2  feet. 

33.  Limestone;,  4  feet. 

34.  Fine  black  argillaceous  shales,  9  feet. 

35.  Coarse  grayish  sandstone,  10  feet. 
30.  Limestones  and  shales,  0  feet. 

37.  Greenish-gray  micaceous  sandstones.    Toward  the  top  the  beds  be- 

come very  coarse,  15  feet. 

38.  Limestones  and  bluish  argillaceous  shales  with  sandstones.    The 

upi)er  portion  of  the  bed  contiiins  in  blue  shaly  limestones  fine 
specimens  of  Productiis  semireticnlaris^  I\  nehrancetiHiH^  Spirifer 
opimus^  rroduciuH  pniiienanm^  and  a  Pleurot/)7twria^*  57  feet. 

39.  Black  shaly  limestones,  in  the  lower  ])art  of  which  we  find  the  fol- 

lowing fossils,  ProduciuH  Spirifcrj  and  fragments  of  TrUobitesy  34 
feet. 

40.  Quartzite  sandstone  laminated  and  micaceous,  15  feet. 

41.  Space  (»ovcred  with  the  dtbris  of  a  pori>hyritic  volcanic  rock,  5  feet. 

42.  Shaly  limestone,  -J  feet. 

43.  Space  covcM-ed  with  debris  of  volcanic  rock,  limestone,  and  sand- 

stone, 27  feet. 

44.  Porphyritic?  volcanic  rock,  about  10  to  20  feet. 

45.  Blue  laminated  limestone,  10  feet. 

40.  (Juartzitic  sandstone,  lighter  colored  and  laminated  above  general 
color,  steel  gray  to  brown,  0  feet. 
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PLEl'ItOTOMAlUA   TAGGAini,  Mcck. 

SIu'll  attniiiini;  a  largo  size,  turbiiiato,  very  thin,  Hlightly  lonffer  than  wido;  Hpiro 
deprusHwl,  conical,  a  little  shortcir  than  the  length  of  the  aperture;  volutions  fiv«»  to 
ii\ij:  and  a  half,  liattened  above  tu  the  8lo))e  of  the  8])ire,  last  one  very  prominent  aud 
angular  around  the  middle,  with  the  under  side  slightly  convex  and  sloping  inward 
nearly  at  right  angles  to  the  liattened  slope  (»t' the  u>i)er  side  above  the  peripheral 
angle  ;  suture  nuirely  lin^a^;  umbilical  region  but  very  sliglitly  excavated  and  inipor- 
forated  ;  aperture  rather  large,  siilxiuarate,  with  height  and  breadth  a]tparently  n<farly 
equal ;  spiral  bantl  extremely  narrow,  occupying  the  peripheral  angle  of  the  iMxly 
Tolution,  and  passing  around  onl^'  about  its  own  breadth  above  the  sutun^  on  iliose  of 
the  8i)ire  ;  surface  neaily  smooth,  or  showing  only  <d)scure  lines  of  growth,  wi'h  ap- 
parently merely  the  faintest  ii(»ssible  traces  of  revolving  stria*.  Height  about  2.U0 
inches  ;  breadth  about  \iA\)  inches. 

In  Kiz<$  and  general  appearance  this  fnie  species  somewhat  resembhis  P.  minnonr'u'iiHi8^ 
(Troc}fnHmis)ioiirhni*if<,  SwaUow,)but  it  maybe  at  once  distinguished  by  having  its  b<Mly 
volution  below  tht*  i)eriphery  longer  than  the  height  of  the  8j»ire  above  i^,  iM^^teud  of 
flattened,  as  well  as  by  wanting  the  distinct  rcvtdving  lines  of  that  sprcii^s.  The 
specific  name  is  given  in  honor  of  William  II.  Taggart,  esq.,  of  Dr.  Ilayden's  survey, 
who  disco vere4l  the  type  specimen. 
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47.  Porpbyritic  volcanic  rock,  20  feet. 

48.  Browuish-gray  arenaceous  litnestoue,  15  feet. 

49.  Blue  lainiuated  limestone,  15  feet. 

50.  Sbales,  5  feet. 

51.  Porpbyritic  volcanic  rock,  20  feet. 

52.  Blue  laminated  limestones,  6  feet. 

53.  Bluisb-gray  limestone,  fossiliferous,  10  feet. 

54.  Volcanic  rock,  8  feet. 

55.  Blue  sbaly  limestone,  15  feet. 
50.  Sandstone,  10  feet. 

57.  Blue  sbaly  limestone,  15  feet. 

oS.  Sandstone,  G  feet. 

59.  Bluisb  black  limestone,  5  feet. 

00.  Brownisb  quailzitic  sandstone,  21  feet. 

01.  Bluisb  black  limestone,  11  feet. 

02.  Sandstone,  ligbt  colored  and  soft  above,  becoming  darker  and  quurtz- 

itic  as  we  go  down,  10  feet. 

03.  Wbite  laminated  volcanic  rock,  17  feet. 

04.  Indistinct  outcrops  of  a  black  sbaly  limestone,  12  feet. 

05.  Wbite  quartzite  of  a  rusty  color  on  weatbered   surfaces.      Just 

above  it  tbere  are  indications  of  bluisb  limestone,  probably  a  con- 
tinuation of  bed  04,  75  feet. 

CO.  A  very  dark-blue  limestone,  weatbering  black  crystalline,  and  con- 
taining nests  of  calcite  distributed  tbrougli  it,  8  feet. 

A.  07.  Ligbt  colored  laminated  porpbyritic  volcanic  rock,  very  similar  to 
No.  03,  about  10  to  20  feet. 

08.  Dark  bluisb-black  limestone,  very  irregular  in  structure,  especially 

near  tbe  top ;  at  toi)  is  pink  on  weatbered  surfaces,  CO  feet. 

09.  Sandstone  and  limestone  conglomerate,  10  feet. 

70.  Dark-blue  limestone,  2  feet. 

71.  Rusty-brown  quartzite,  2  feet. 

72.  Blue  limestone,  50  feet. 

73.  Ligbt-gray  quartzite,  4  feet. 

74.  Ligbt-blue  limestone,  witb  irregular  cross-fracture  weatbering  of  a 

ligbter  color,  for  tbe  most  part  fine  grained,  becoming  coarse  in 
some  plae^3S.  In  tbe  upper  part  it  becomes  laminated  and  some- 
wbat  darker.  On  weatbered  surfaces  tbere  are  crinoidal  frag- 
ments.   Tbickness  estimated,  10-15  i'eet, 

75.  Ligbt  brownisb  quartzite,  passing  into  sandstone  near  tbe  top ;  a 

few  feet  from  tbe  bottom  tbere  is  a  layer,  a  few  incbes  in  tbick- 
ness, of  greenisb  sandstone,  20  feet. 
70.  Mngnesian  limestone,  ligbt  colored,  witb  seams  of  dolomite.     Tbe 
beds  become  darker  from  tbe  bottom  up ;  50  feet. 

77.  Ligbt-bluisb  magnesian  limestone,  weatbering  of  a  yellowisb  color, 

becoming  siliceous  as  we  go  down,  15  feet. 

78.  Brown  quartzite,  10  feet. 

79.  Laminated  sandstones,general  color  a  pinkisb  gray;  about  balf  way 

down  tbere  is  a  layer  of  sbales.  Tbe  lamination  is  most  distinct 
in  tbe  lower  part  of  tbe  bed,  tbe  lamina;  baving  a  red  coating,  15 
feet. 

80.  Massive  gray  sandstone,  10  feet. 

81.  Pinkisb-gray  sandstone,  laminated,  laminae  1  to  3  incbes  in  tbickness, 

witb  green  coatings  between,  10  feet. 

82.  Ligbt-gray  laminated  sandstone,  somewbat  sbaly  in  places,  laminae 

i'rom  1  to  3  incbes  in  tbickness,  0  feet. 
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83.  Liglit  reddish-gray  sandstoDe,  with  red  shaly  bands.    At  the  top 

there  is  about  one  foot  of  pink  sandstone ;  6  feet. 

84.  Sandstone  with  brown  and  red  lines,  general  color  reddish  brown, 

dark  below,  6  feet. 

85.  Yellowish-brown  laminated    sandstone,  very  hard  and  compact, 

almost  quartzitic,  breaking  into  laminae  from  one-eighth  of  an 

inch  to  2  or  3  inches  in  thickness,  6  feet. 
80.  Gray  sandstone,  somewhat  laminated  at  the  top ;  weathering  of  a 

rusty  brown  ;  20  feet. 
87.  Brown  laminated  sandstone,  with  green  coating  between  the  laminae, 

2  feet. 
SS.  Light  brown  sandstone,  with  bands  of  white  quartzite  varying  in 

thickness  from  four  inches  to  a  foot;  the  thickest  at  the  top;  6 

feet. 

89.  Brown  quartzitic  sandstone  in  laminje  of  about  18  inches  each,  6 

feet. 

90.  White  quartzite,  4  feet. 

91.  Brown  quartzitic  sandstone,  2  feet. 

92.  White  quartzite,  (about  2  feet  from  the  bottom  there  is  a  layer  of 

brown  sandstone  G  inches  thick,)  5  feet. 

93.  Brown  quartzitic  sandstone,  2  feet. 

94.  White  quartzite,  5  feet. 

95.  Brown  quartzitic  sandstone,  5  feet. 

96.  W^hite  quartzite,  20  feet. 

97.  Brown  quartzite,  10  feet. 

i  98.  Granite,  coarse,  and  rose-colored. 

This  bed  (98)  reaches  to  the  bottom  of  the  canon  at  the  head  of  the 
creek  under  Horseshoe  Mountain.  The  section  from  bed  1  to  20  is  made 
on  the  line  a  5,  Fig.  1.,  Plate  IX.  From  bed  24  to  bed  67,  inclusive,  it 
is  made  between  the  points  e  and  h  in  the  illustration  ;  while  the  remain- 
der of  the  section  (68  to  98)  is  made  on  the  line  marked  h  i.  In  the  top 
of  bed  23  of  the  section  given  above  we  have  fragments  of  the  sandstone 
of  No.  22  caught  in  the  mass;  and  again  we  see  the  volcanic  rock  pene- 
trating the  sandstones,  and  their  interlaminated  shales  changing  their 
character  very  much.  Mr.  Holmes  sketched  several  of  these  intrusive 
masses,  which  are  beautifully  shown  in  Figs.  1  and  2,  Plate  X.  The 
lower  beds  in  the  section  given  above  dip  at  an  angle  of  about  10  to  16 
degrees.  The  quartzites  and  magnesian  limestones  in  the  last  part  of 
the  section  are  the  same  that  are  given  in  the  first  part  on  the  east  side 
of  the  fault. 

It  is  a  question  whether  or  not  the  sandstones  of  No.  22  of  this  sec- 
tion (No.  18)  are  the  same  as  No.  24,  or  whether  they  belong  to  a  higher 
horizon,  and  have  been  merely  separated  by  the  intnision  of  No.  23.  I 
incline  to  the  latter.  The  character  of  the  sandstone  in  both  i)lace8  is 
similar,  but  in  No.  24  there  is  very  little  difference  between  the  top  and 
the  bottom  layers.  The  difference  is  no  greater  than  between  No.  22  and 
the  top  of  24.  If  22  is  merely  the  continuation  of  24  tolded,  the  ends  of 
the  two  probably  connect  below  the  surface.  The  rock  of  No.  23  is  pe- 
culiar. It  is  trachytic,  and  very  highly  siliceous.  It  is  very  white,  and 
migbt,  if  seen  alone  and  nut  very  carefully  examined,  be  mistaken  for  a 
higlily-nietamorphosed  saudstoue.  A  closer  examination  reveals  the 
presence  of  crystals  of  feldspar.  The  large  proportion  of  silica  is  due, 
perhaps,  to  the  intrusion  among  the  sandstones,  from  which  it  was,  in 
great  measure,  derived. 

As  seen  in  the  illustration,  Plate  IX,  Pig.  1  at  c,  bed  22  dips  about 
30^,  while  No.  24,  at  e  in  the  illustration,  dips  about  15^. 
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At  the  bead  of  Four-Mile  Creek  are  two  branches  which  head  in 
Horseshoe  Mountain.  Each  of  these  small  streams  heads  in  an  amphi- 
theater, the  center  of  which  is  granite,  ui)on  which  rest  the  quartzite 
and  limestone  given  in  the  section  above  at  the  lower  part.  They  form 
an  arch,  as  is  seen  in  the  illustration,  and  it  is  this  that  gives  the  name 
to  the  mountain.  Between  tbe  two  amphitheaters  is  a  point  which  is 
capped  in  the  same  manner.  The  limestone  and  quartzite  extend  up 
on  the  divide,  and  it  is  in  them  that  tbe  silver-bearing  galena  is  found. 
They  are  very  much  metamorphosed  and  somewhat  broken  up  by  veins 
of  volcanic  material.  In  Empire  Gulch,  wbich,  with  Iowa  Gulch,  heads 
directly  opposite  Four-Mile  Creek,  these  beds  outcrop  again.  Iowa 
Gulch  afibrds  the  best  exposure,  however.  Fig.  2,  Plate  IX,  repre- 
sents tbe  outline  along  the  south  side  of  Iowa  Gulch,  continuing  the 
section  that  we  made  on  Four-Mile  Creek.  We  see,  then,  that  at  the 
head  of  the  gulch  another  fault,  as  great  as  the  one  noticed  on  the  divide 
as  the  head  of  Mosquito  Creek.  It  is  in  fact  a  continuation  of  the  same 
fault.  A  section  through  the  hill,  marked  B  in  Fig.  2,  Plate  IX,  is 
represented  in  Fig.  3,  Plate  XI,  the  figures  corresponding  with  those 
in  the  following  section : 

Section  A. 

1.  Volcanic,  capping  the  hill. 

2.  Black  limestone,  very  much  metamorphosed. 

3.  Thin  layer  of  quartzite. 

4.  Volcanic  rock,  columnar. 

5.  •  Bed  of  quartzite. 

(i.  Volcanic,  columnar. 

7.  Quartzite. 

8.  Volcanic,  columnar. 

9.  Fragment  of  quartzite  bed. 

10.  Quartzite. 

11.  Volcanic,  columnar. 

12.  Fragment  of  quartzite. 

The  (luartzite  from  a  distance  has  a  yellow  color.  The  base  of  the  hill 
is  covered  with  debris^  but  underneath  I  think  we  would  find  gneiss. 
The  beds  of  volcanic  rock  (which  is  a  variety  of  trachyte)  are  beautifully 
columnar.  Beds  7,  9,  10,  and  12  are  fragments  that  seem  to  have  been 
caught  in  the  flow  of  volcanic  material.  Figure  2,  Plate  XI,  represents 
a  section  through  a  hill  about  half  a  mile  west  of  the  hill  B,  on  the  north 
side  of  the  creek,  between  the  main  creek  and  a  small  branch.  Here  we 
have  the  following  section  : 

Section  B. 

1.  Volcanic. 

2.  Blackish  limestone,  very  much  metamorphosed. 

3.  Yellowish  quartzite. 

.  4.  Volcanic,  in  tine  columns. 

5.  Gneiss. 

6.  Volcanic. 

The  rest  of  the  hill  is  covered  to  the  base.  In  the  gneiss,  layer  5, 
there  are  seams  of  the  volcanic  rock.  A  section  through  the  hill  A, 
which  is  the  same  hill  as  A  in  Fig.  1,  Plate  IX,  is  shown  in  Fig.  1,  Plate 
XI,  corresponds  to  the  following : 
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Section  C. 

1.  Volcanic,  capping  tbe  bill. 

2.  Black  limestone,  very  much  metamorphosed. 

3.  Yellow  quartzite. 

4.  Volcanic,  in  columns. 

5.  Quartzite. 

6.  Volcanic. 

7.  Quartzite. 

8.  Volcanic. 

9.  Quartzite. 
10.  Gneiss. 

In  these  three  sections  just  given  the  bed  marked  No.  1  is  the  same  in 
all.  So  is  the  bed  of  limestone  marked  No.  2  in  all  tbe  sections.  No.  3  of 
the  second  section,  (6,)  in  the  third  (c)  has  been  split  up  into  four  beds, 
Nos.  3,  5,  7,  and  0.  In  tbe  tirst,  (a,)  it  has  been  split  into  six  beds,  viz, 
3, 6,  7, 9, 10,  and  12. 

No.  4  of  section  (h)  which  is  represented  in  the  first  (a)  by  Nos.  4,  6, 
8,  and  11.  In  the  third  section  (c)  the  volcanic  rock  is  much  thicker, 
and  is  represented  by  Nos.  4,  6,  and -8.  It  has  thrown  the  fragments  of 
quartzike,  Nos.  5,  7,  and  9,  lower  down.  The  bed,  No.  10,  corresponds 
with  No.  5  of  the  second  section.  The  hill  marked  0  in  the  illustration 
(Pig.  2,  Plate  IX)  is  capped  with  volcanic,  and  below  are  sedimentary 
beds  again  which  have  dropped  down.  The  center  is  gneissic.  Still 
farther  down  the  creek,  at  the  point  D,  is  another  fault,  and  then  a  fold 
which  is  merely  local  in  the  quartzite  between  a  and  h.  At  the  latter 
place  there  is  a  break  again,  and  then  the  quartzites  are  almost,  if  not 
quite,  horizontal.  At  E  is  another  fault,  and  beyond  the  quartzites  dip 
about  120.  It  will  be  seen  that  in  all  these  faults  the  down- throw  is  on 
the  west  side.  In  California  Gulch,  which  is  the  one  next  north  of  Iowa, 
the  rocks  are  more  covered  up,  but  there  is  probably  the  same  condition 
of  affairs  as  we  see  here.  We  have  seen,  then,  that  there  are  two  main 
lines  of  faulting  running  north  and  south,  which  we  have  traced  from 
Mount  Lincoln  southward  to  Horseshoe  Mountiiin,  a  distance  of  about 
ten  or  eleven  miles.  In  Plate  XII  is  represented  a  section  made 
through  stations  5G  and  57,  about  live  miles  south  of  Four-Mile  Greek. 
The  section  is  as  follows : 

Section  No,  19,  made  by  Mr,  Gardner. 

a,    1.  Conglomerate. 

2.  Soft  white  limestone. 

3.  Gray  limestone. 

4.  Nodular  limestone. 

5.  Blue  limestone. 
G.  Quartzite,  white. 

6.     7.  Schists  with  veins  of  granite. 

8.  Quartzite. 

9.  Nodular  limestone  and  shales. 
10.  White  quartzite. 

c,  11.  Gneiss  and  schists. 

12.  Limestones. 

13.  Quartzite. 

d,  14.  Gneiss. 

The  faulting  in  the  center  of  the  diagram  is  evidently  the  second  or 
western  lault  at  Horseshoe.    That  is  the  one  observed  on  the  divide. 
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The  first  one  probably  dies  out  to  the  southward  of  Station  45,  or  Sheep 
Mountain.  The  countr}-  slopes  off  in  that  direction,  and  from  station  45 
there  is  a  long  ridge  on  the  east  side  of  a  branch  of  the  Little  Platte, 
which  slopes  toward  the  park.  In  following  up  the  Little  Platte  to 
Weston's  Pass,  I  saw  no  indication  of  the  first  fault.  The  trend  of  the 
fault  at  the  point  Z^  in  the  illustration  is  about  south  10^  east.  How 
much  farther  it  extends  to  the  southward  I  was  unable  to  determine  for 
want  of  time.  The  dip  of  the  schists  at  the  point  d  in  the  diagram  is 
toward  the  east.  They  are  of  a  rusty-red  color,  with  micaceous  layers 
in  some  places,  and  in  others  quartzitic  beds  with  light-colored  granites 
below.  These  schists  extend  to  the  Arkansas  River,  and  it  is  through 
them  that  the  river  cuts  the  canon,  to  which  I  will  refer  further  on.  On 
leaving  the  mouth  of  the  canon  on  Four-Mile  Creek  and  going  eastward, 
we  find  that  all  the  underlying  beds  are  covered.  From  a  few  indica- 
tions of  volcanic  rock,  however,  I  am  inclined  to  believe  that  there  is  a 
fault  running  toward  the  north,  the  line  of  which  would  pass  east  of 
Mount  Lincoln.  We  have  seen  (section  No.  16)  that  on  the  ridge  east 
of  Lincoln  there  is  a  line  of  volcanic  rock.  This  probably  represents  a 
line  of  faulting.  On  looking  at  the  map  we  see  that  there  is  an  abrupt 
turn  in  the  course  of  Four-Mile  Creek  directly  on  the  prolongation  of 
this  line,  the  course  for  a  short  distance  being  in  a  line  with  th^t  of  the 
Platte  west  of  the  ridge  where  section  No.  15  was  made. 

In  section  No.  18,  we  have  the  Potsdam  group  in  beds  No.  11  to  19,  a 
thickness  of  119  feet.  This  is  repeated  again  in  beds  78  to  79.  The 
estimated  thickness  here  is  greater,  being  156  feet.  In  section  No.  18, 
made  by  Mr.  Taggart,  in  Mosquito  Gulch,  the  thickness  is  160  feet.  In 
Buckskin  Gulch  it  was  estimated  at  over  200  feet  in  section  No.  16. 
This  last  is  probably  exaggerated,  as  the  upper  bed  in  the  section  was 
estimated  from  a  point  some  distance  below  it.  Tbe  thickness  of  the 
Potsdam  group  along  this  range  i)robably  averages  about  150  feet. 
The  remainder  of  the  Silurian  layers  will  probably  average  about  200 
feet  in  thickness.  It  is  probably  all  referable  to  the  Quebec  group. 
The  lower  layers  are  so  beyond  doubt.  A  comparison  with  the  sumo 
layers  alreiidy  treated  of  in  the  first  chapter  is  given  below  : 


Localitj'. 


Glen  ?'yrie 

Trout  Creek 

l^in«;(;  between  South  l*ark  aud  Arkansas  Valley 


<M 

Nm      I 

o 

•4^ 

-cfi 

o 

V 

«i^tM 

c  3 

s  © 

•S  rt 

•p* 

S  s 

r.  « 

^  "i 

w .;:  a 

^f? 

=  C3  ^ 

,iaiP^ 

'tS  S'C 

o 

.:i  ju  3 

^ 

J     t"  l-H 

H 

H 

40 

7:\ 

00  to  80 

100  to  150 

150 

200 

There  has,  therefore,  been  an  increase  in  thickness  as  we  have  come 
westward.  The  line  between  the  Carboniferous  beds  and  the  Silurian  is 
in  all  probability  the  bed  No.  68  or  69  of  section  18.  The  lower  part  of 
the  Carboniferous  contains  a  number  of  beds  of  limestone,  with  inter- 
laminated  bhick  shales,  more  or  less  argillaceous.  In  no  case  do 
these  beds  attain  a  great  thickness,  and  between  them  are  beds  of 
micaceous  sandstones,  which  are  laniinate^d.  Their  general  color  is  a 
greenish  gray,  with  the  mica  especially  noticeable  between  the  laminae. 
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As  we  go  np  tbe  limestones  gradaally  thin  oat,  and  the  sandstones  be- 
come coarser  and  coarser,  pointing  to  the  existence  of  shallower  waters 
during  their  deposition.  I  was  unable  to  define  the  line  between  the 
Carboniferous  and  the  beds  that  I  consider  to  be  of  Permian  age. 

Going  south  from  Weston's  Pass  we  find  that  the  range  ends  rather 
abruptly  in  Buffalo  Peaks.  South  of  this  the  divide  between  South  Park 
and  the  Arkansas  is  comparatively  low.  Buffalo  Peaks  consist  of  two 
high  conical  points  of  about  equal  elevation,  viz,  13,365  feet.  Between 
the  two  there  is  a  ridge  bounding  an  amphitheater,  which  faces  to  the 
northeast.  On  the  face  of  this  we  find,  going  from  the  top  toward 
the  base,  the  following  beds : 

Section  No.  20. 

a.  1.  Trachyte,  weathering  very  dark  from  the  amount  of  iron  it  con  tains. 

There  are  crystals  of  hornblende  and  sanidine.  On  fracturing 
the  rock  the  matrix  is  seen  to  be  light-colored.  This  is  found 
on  the  western  summit  of  the  peak,  and  extends  across  along  the 
ridge  to  the  eastern  summit.    Bc!ow  we  have — 

b.  2.  Trachyte.    The  upper  part  of  the  bed  has  a  bluish  color,  which 

becomes  red  below.  This  is  also  hornblendic,  and  contains  crys- 
tals of  sanidine.  The  rock  is  more  compact  and  finer-grained 
than  that  on  the  summit ;  100  feet. 

c.  3.  Eeddish  breccia.    The  included  masses  are  highly  porphyritic,  100 

feet. 

d.  4.  Light  gray  tufa.    I  could  not  see  the  line  between  it  and  the  one 

above.  There  are  light-yellow  pebbles  in  this  rock.  In  the  lower 
part  there  is  a  soft  black  layer,  thin ;  5  feet. 

e.  5.  Columnar  Layer  of  very  hard  black  rock,  containing  a  large  quantity 

of  hornblende  and  obsidian.  There  are,  also,  a  few  included 
pebbles.    The  columnar  form  is  quite  distinct  in  places ;  50  feet. 

!G.  Light  tufacious  rock,  very  sott,  mostly  of  a  white  color,  but  pink  in 
some  places  and  yello^v  in  others,  150  feet. 
7.  Gray  breccia,wbi(jh  reaches  to  the  base  of  the  peak  as  far  as  can 
be  seen ;  200  feet. 

This  section  corresponds  with  Fig.  8,  Plate  VI. 
I  was  extremely  sorry  that  I  was  unable  to  work  to  the  eastward  of 
the  peak.  Until  that  is  done  the  opinions  in  regard  to  these  rocks  must 
be  to  a  great  extent  conjectural.  On  the  west  side  of  the  west  cone,  g 
in  Fig.  8,  Plate  VI,  resting  on  the  gi^anite,  is  a  bed  of  white  and  rusty- 
lookiug  quartzite,  dippiug  toward  the  east  at  an  angle  of  about  10^. 
Going  toward  the  north  we  find  above  the  quartzite,  and  dipping  in  the 
same  direction,  a  bed  of  limestone  very  much  changed.  In  one  place 
there  is  a  flinty  layer,  over  which  I  found  coatings  of  chalcedony.  These 
beds  are  probably  a  continuation  of  those  seen  in  Weston's  Pass  at  the 
points  in  Fig.  1,  Plate  XII.  They  seem  to  have  been  caught  here  by 
the  volcanic  rock.  As  we  go  south  the  beds  continue  uninterruptedly, 
as  we  shall  see  on  Trout  Creek.  The  rock  on  the  summit  of  Buff- 
alo, although  lighter  in  color,  is  very  nearly  like  that  found  on  the 
tops  of  the  buttes  near  the  salt-works.  They  are  probably  identiical, 
the  differences  being  caused,  i)erhaps,  by  the  difference  in  length  of 
time  of  cooling.  In  both  places  the  trachyti)  is  micaceous.  The  i)eaks 
are  evidently  a  center  of  eruption,  and  the  overflow  was  probably  toward 
the  southeast  in  the  direction  of  the  s«ilt-  works.  Fig.  represents  an  ideal 
sexjtion  through  the  i^eaks  from  east  to  west,  the  dotted  lines  representing 
the  planes  of  deposition  of  the  various  beds  given  in  the  section  above« 
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There  has  been  so  mach  erosion,  preceded  by  glacial  action,  that  the 
greater  part  of  the  beds  has  been  removed.  That  the  section  represents 
the  actnal  condition  of  affairs  is  rendered  the  more  probable  by  the  fact 
that  Dr.  Endlich  found  in  his  district  jast  south  of  our  line  the  same 
succession  of  beds  at  Promontory  Point  Here  the  succession  and  order 
of  sui)erpo8ition  was  more  clearly  demonstrable.  Trout  Creek  is  the 
second  large  creek  flowing  into  the  Arkansas  from  the  east  below  Buf- 
falo Peaks.  Crossing  the  low  divide  southeast  of  the  saltworks,  we 
find  ex]>osures  of  bhu^k  shales  and  conglomerate  sandstones  dipping  a 
few  degrees  east  of  north,  and  iucliniug  35°  to  40°.  Below  the  black 
shales  we  have  sandstones  and  green  shales;  then  we  have  bluelimestone; 
then  there  is  a  space  in  which  all  the  beds  are  covered  up.  The  next 
outcrop  is  a  gray  limestone,  below  which  there  is  a  blue  limestone.  I 
was  unable  to  get  the  dip,  but  it  is  probably  the  same  as  we  saw  in  the 
beds  above.  After  leaving  tha^e  outcrops  we  come  into  a  small  park, 
about  five  miles  in  length  and  over  a  mile  in  width.  It  is  a  beautiful 
meadow-like  park,  in  which  the  underlying  beds  are  almost  entirely  con- 
cealed. At  the  upper  end,  however,  1  was  able  to  make  the  following 
section : 

Section  Xo.  21. 

In  descending  order : 

1.  Light-reddish  gray  micaceous  sandstone,  50  feet. 

2.  Blue  limestone,  3  feet. 

3.  Yellow  sandstone  shales,  13  feet. 

4.  Light-red  micaceous  sandstone,  10  feet. 

5.  Hard  reddish  brown  sandstone,  0  feet. 

6.  (iray  shales,  4  feet. 

7.  Eed  shaly  sandstones,  6  feet. 

8.  Fine  bluish  shale,  5  feet. 

1).  Yellowish-brown  sandstone,  3  feet. 

10.  Bluish  shales,  6  feet. 

11.  Red  shales,  J)  feet. 

12.  Brown  and  red  shaly  sandstone,  13  feet. 

These  beds  all  dip  toward  the  northeast  at  an  angle  of  40^.  They 
correspond  closely  to  the  limestones  and  sandi^toues  seen  in  sections 
Nos,  10  and  11,  and  to  those  east  ot  Fair  Play  below  the  red  beds,  and 
which  I  have  already  referred  to  the  Permian.  Farther  down  the 
creek  we  find  out<;rops  of  greenish  niicaceous  sandstone.  These  beds 
are  laminated,  and  between  we  have  fine  black  shales.  The  dip 
is  still  in  the  same  direction.  Below  these  are  blue  limestones,  and 
still  farther  gray  limestone.  These  beds  are  undoubtedly  Carbon- 
iferous, and  a  closer  search  than  I  had  the  time  to  make  would 
donbtless  reveal  fossils  in  some  of  the  layers.  At  the  lower  end  of  the 
park  the  creek  has  cut  its  way  through  the  beds  at  right  angles 
to  the  strike,  and  the  beds  stand  on  either  side  as  a  high  wall, 
dipping  northeast  fit  an  angle  of  15o.  Besting  immediately  on  the 
granite  ther^  is  a  bed  of  quartzite.  Above  this  there  is  a  bed  of  dark- 
gray  limestone,  about  200  feet  in  thickness.  Next  follows  10  to  20  feet 
of  brown  quartzite  and  then  limestone.  Above  this  the  beds  are  cov- 
ered until  we  reach  the  Carboniferous  layers  already  referred  to.  The 
quartzite  and  limestone  resting  on  the  granite  are  evidently  the  direct 
prolongation  of  the  beds  noticed  west  of  Buftalo  Peaks.  Farther  south 
and  southeast,  in  Dr.  Endlich^s  district,  these  beds  are  more  distinctly 
shown,  and  will  be  fully  treated  ot  by  him.  Trout  Creek,  for  the  rest  of  its 
course,  flows  through  granitic  rocks.    About  two  or  three  miles  below 
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the  park  we  find  on  the  east  several  high  hills  of  trachyte.  There  is  a 
small  branch  coming  in  here  which  seems  to  form  the  boundary  between 
the  trachyte  and  the  granite.  This  is  a  portion  of  the  same  eraptive 
material  seen  east  of  the  salt-works,  of  which  it  is  the  continuation 
southward.  I  shall  reserve  the  consideration  of  the  Arkansas  Valley  to 
the  next  chapter. 


CHAPTER    III. 

ARKANSAS  VAL.LEY — EAGLE  RIVER — SAWATCH  RANGE. 

The  Arkansas  River,  in  our  district,  has  a  course  a  few  degrees  east 
of  south.    On  the  east  side  we  have  the  Park  range,  sepai'utiug  the 
valley  from  South  Park,  wliil^  on  the  west  is  the  Sawatch,  or  main  range 
of  the  Rocky  Mountains,  forming  the  continental  divide.    It  has  here, 
perhaps,  its  culmination.    The  range-to  the  southward  of  Mount  Bowles 
falls  off,  as  it  also  does  north  of  the  mountain  of  the  Holy  Cross,  which 
is  the  last  peak  in  the  range  in  this  direction.    Before  reaching  this 
point  the  water-divide  sweeps  around  the  head  of  the  Arkansas  to  the 
eastward.    In  the  Sawatch  range  we  have  first  Mount  Bowles,  rising 
14,100  feet  above  sea-level.    About  twelve  miles  farther  north  is  Mount 
Harvard,  having  an  elevation  of  14,208  feet.    The  next  high  point  meas- 
ured was  La  Plata  Mount,  which  is  eleven  miles  northeast  of  Harvard: 
its  height  is  14,120  feet.    Grizzly  Peak,  at  the  head  of  Lake  Creek,  is 
about  seven  miles  from  La  Plata,  and  a  little  north  of  east  from  it.    Its 
elevation  is  13,780  feet.     Six  miles  east  of  north  from  La  Plata  is  Mount 
Elbert,  named  in  honorof  the  governor  of  Colorado:  its  elevation  is  14,150 
feet.    Six  miles  farther  north  is  Massive  Mountain,  having  an  elevation 
of  14,192.    Korth  of  Massive  Mountain  the  range  is  comparatively  low 
until  we  near  the  mountain  of  the  Holy  (3ross,  when  it  rises  again.    The 
elevation  of  the  Holy  Cross  is  13,478:  it  is  about  eighteen  miles  north 
of  Massive  Mountain.    Beyond  it,  the  range  dies  out,  and  Ave  have  Eagle 
River  sweeping  around  to  reiich  the  Grand  Iliver.    As  we  have  seen  iu 
the  latter  part  of  the  last  chapter.  Trout  Creek  flows  through  granitic 
rocks,  which  continue  to  the  valley  of  the  Arkansas  and  are  the  pro- 
longation of  those  seen  west  of  Buffalo  Peaks.    The  granite  is  gen- 
erally coarse  and  of  a  reddish  color,  with  seams  of  white  quartz.    The 
bedding  is  probably  the  same  as  we  saw  at  the  peaks,  that  is,  to  the  north- 
east.   The  eruptive  rock  that  is  seen  near  the  head  of  the  creek  extends 
to  the  southward  and  southeast,  and  will  be  fully  treated  of  in  Dr.  End- 
lich's  report.    I  did  not  go  farther  down  the  Arkansas  Valley  than  oppo- 
site the  mouth  of  Trout  Creek.    Here  we  have  a  beautiful  broad  valley, 
with  streams  coming  in  from  either  side,  and  cutting  deep  terraces  in 
the  deposits  of  drift.    There  is  a  gradual  slope  from  either  side  to  the 
river.     The  main  part  of  the  valley  lies  on  the  west  side,  and  it  is  here 
that  the  terraces  are  most  conspicuous.    The  valley  is  park  like,  and  is 
about  six  miles  wide  :    it  extends  southward  into  Dr.  Endlich's  district. 
I  found  nothing  but  drift  as  far  as  I  had  time  to  examine  the  deposits. 
I  was  unable  to  determine  whether  the  drift  is  of  glacial  origin  or  not. 
It  is  probable,  however,  that  it  is,  for  in  the  canons  in  the  range  far- 
ther north  we  have  abundant  evidence  of  glacial  action. 

Below  the  mouth  of  Trout  Creek,  Dr.  Hayden,  in  1809,  found  Tertiary 
beds.    He  refers  to  them  as  follows  :♦  "  On  the  west  side  of  the  Arkan- 

*  Report,  1S69,  page  177. 
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sas  Valley  the  recent  Tertiary  beds  run  up  to  and  overlap  the  margins 
of  the  mountains.  They  are  comiK>8ed  mostly  of  fine  sands,  arenaceous 
clays,  and  pudding-stones,  cream-colored  arenaceous  clays,  and  rusty 
yellow  marls,  fine  sand  predominating.  These  beds  weather  into  pecu- 
liar architectural  forms,  somewhat  like  the  '  Bad  Lands  of  Dakota.'  In- 
deed they  are  very  nearly  the  same  as  the  Santa  F6  marls,  and  were 
doubtless  contemporaneous,  and  dip  at  the  same  angle,  three  to  five 
degrees  a  little  west  of  north.  The  tops  of  the  hills  have  all  been  planed 
down  as  if  smoothed  by  a  roller.  I  have  called  this  group  the  Arkansas 
Marls;' 

Above  this  valley  the  river  is  in  a  canon,  or  rather  a  cailon-like  valley, 
until  we  get  above  Twin  Lakes,  when  we  have  another  valley  reaching 
almost  to  the  head  of  the  stream.  It  is  about  sixteen  to  twenty  miles 
in  length,  and  about  ten  miles  in  width  at  the  lower  end.  The  whole 
valley,  as  far  as  could  be  determined,  is  underlaid  by  granite.  At  the 
lower  end,  back  of  Weston's  ranch,  in  the  terraces,  there  are  modern 
Tertiary  deposits,  soft  conglomerate  sandstones.  The  whole  valley  is 
terraced,  especially  on  the  eastern  side.  These  terraces  are  covered 
with  drift,  no  under-lying  beds  being  exposed  until  we  get  to  the  lower 
end  of  the  valley.  On  almost  all  the  streams  coming  into  the  Arkansas 
from  the  west  above  the  lower  valley  we  have  moraioal  benches.  Be- 
tween the  two  broad  valleys  mentioned  above,  the  river  flows  through 
a  monoclinal  rift  in  the  granites  and  schists,  the  eastern  side  of  the 
caiion  remaining  intact,  while  the  west  is  somewhat  broken  down  by  the 
streams  coming  from  the  mountain  on  that  side.  The  caiion  is  plainly 
one  of  erosion,  and  in  some  places  is  from  1,000  to  1,500  leet  in 
depth.  The  bed  of  the  stream  is  strewn  with  enormous  boulders,  in  some 
of  which  there  are  pot-holes.  The  river  while  in  the  caiion  falls  at  the 
rate  of  about  60  feet  to  the  mile.  The  first  large  creek  coming  in  from 
the  mountiiins  above  the  mouth  of  the  canon  is  Pine  Creek.  There  are 
along  this  creek  well-defined  lateral  moraines.  I  did  not,  however,  go  up 
the  creek,  but  waited  until  I  reached  La  Plata,  which  is  much  larger, 
being  about  fourteen  miles  in  length.  The  valley  is  about  half  a  mile 
in  width,  with  beautiful  meadows  iu  the  lower  portion  through  which 
the  stream  gracefully  winds.  On  either  side  bordering  this  meadow-like 
valley  are  two  morainal  benches  extending  from  the  edge  of  the  mount- 
ains to  the  river,  a  distance  of  about  800  to  1,000  feet  in  height ;  they  are 
at  the  edge  of  the  mountains,  gradually  falling  off  as  we  approached  the 
river.  I  could  find  no  evidence  of  any  terminal  moraine.  The  southern 
bench  is  well  timbered  on  top  with  pines  and  aspens,  while  the  sides  of 
both  are  overgrown  with  sage-brush.  Entering  the  caiion,  which  is 
cut  profoundly  into  the  granites,  and  is  quite  picturesque,  we  find  that 
the  rocks  scattered  over  the  bottom  are  rounded  and  polished.  There 
were  very  few  evidences  of  striation  and  groovings  on  the  rocks  on  the 
sides,  and  these  were  all  very  indistinct.  In  the  center  of  the  canon 
the  stream  has  cut  a  deep,  narrow,  secondary  caiion  in  the  granites, 
some  50  feet  below  the  general  level  of  the  vallej',  which  once  formed 
the  floor  over  which  the  glacier  passed.  The  next  creek  to  the  north  is 
Lake  Creek,  which  is  by  far  the  most  extensive  branch  of  the  Arkansas ; 
it  IS  about  sixteen  miles  in  length,  and  flows  almost  due  east,  one  branch 
draining  the  country  between  La  Plata  Mountain  and  Grizzly  Peak, 
while  another  branch,  the  North  Fork,  comes  from  the  north,  draining  the 
country  southwest  of  Massive  Mountain.  Before  reaching  the  river,  the 
creek  passes  through  the  Twin  Lakes,  two  beautiful  lakes,  probably  of 
glacial  origin :  they  are  separated  by  morainal  material.  There  are 
moraineson  both  sides  of  the  creek,  as  well  as  along  all  the  main  branches, 
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which  are  somewhat  concealed  in  many  places  by  the  timber.  The 
granites  in  the  canon  are  beantifally  iK)li8hed,  and  rounded  even  more 
noticeably  than  in  the  canon  of  La  Plata  Greek.  The  rock  exposed  in 
these  canons  is  granitic — a  granitic  porphyry  of  a  light  color,  with  crys- 
tals of  feldspar,  (orthoclase,)  rather  large  and  conspicuous,  in  a  fine- 
grained matrix :  on  weathered  suifaces  the  crystals  are  of  a  purplish 
color. 

On  La  Plata  Mountain  Dr.  Hayden  found  evidence  of  volcanic  intru- 
sion. At  a  point  in  the  canon  below  the  junction  of  tlie  North  Fork  there 
are  also  evidences  of  a  trachytic  dike.  FoUowiug  up  the  creek  that 
rises  immediately  west  of  La  Plata  Mountain,  and  ascending  the  ridge 
opposite,  we  find  trachyte.  The  western  slope  of  the  ridge  is  covered 
with  debris,  which  weathers  of  a  bright  red  color.  The  exposures  are 
limited.  We  find  an  obsidian  rock,  which  seems  to  rest  on  the  granite : 
above  this  there  is  a  gray  layer ;  then  a  light-colored  trachyte ;  and 
the  summit  of  the  hill  is  capped  with  a  quartzitic- looking  layer,  the 
weathered  surfaces  of  which  are  bright  crimson  :  from  a  distance  this 
color  is  very  noticeable.  There  is  a  similar  spot  at  the  head  of  a  small 
creek  rising  southeast  of  Grizzly  Mountain.  This  was  visited  by  Mr. 
Taggart,  who  reported  as  follows :  **  In  Red  llock  Pass  wo  have  first 
the  quartzitic  layer,  the  debris  of  which  is  bright  red,  and  from  which  the 
pass  takes  it«  name.  Above  this,  as  we  pass  eastward  along  the  ridge, 
we  meet  with  varieties  of  trachyte.  Over  the  first  point,  lying  appar- 
ently on  the  surface,  there  is  granite  and  mica  schist;  next  trachyte, 
and  again  mica  schist,  having  an  easterly  dip,  and  an  inclination  of 
about  30^.  Then  we  have  more  volcanic  rock,  followed  by  a  coarse  con- 
glomeritic  layer,  somewhat  like  the  quartzitic  layer  first  mentioned.  It 
contains  pebbles  of  quartz.  This  continues  for  some  distance,  and  is 
succeeded  by  a  green  schist,  (chloritict)  Above  this  there  is  trachyte 
again.  Finally,  we  meet  with  a  fine-grained  granitic  rock  which  con- 
tinues for  quite  a  distance,  alternating  with  a  volcanic  breccia,  above 
which  we  have  an  obsidian  rock,  which  is  porphyritic.''  At  the  head  of 
the  other  branch  we  find  granites  and  schists,  having  a  dip  a  little  north 
of  east.  The  schists  are  dark  and  micaceous,  with  seams  of  quartz.  The 
bedding  is  quite  distinct  in  places,  inclining  at  an  angle  of  4(P  to  50^. 
In  the  smoothed  rocks  at  the  head  of  the  cailou,  we  have  abundant  evi- 
dence of  glacial  action. 

On  the  north  side  of  the  creek,  high  up  on  the  ridge  separating  it  from 
the  one  next  to  the  north,  on  which  Mr.  Taggart  reported,  there  is  a 
capping  of  trachyte  in  columns.  The  rock  is  of  a  reddish  color,  and 
at  one  ix)int  seems  to  have  included  a  portion  of  a  bed  of  gneiss,  as 
shown  at  &,  in  Fig.  — ,  Plate  XIII,  a  a,  being  the  trachyte.  Grizzly  Peak, 
which  was  visited  and  ascended  by  several  members  of  the  party,  was 
also  found  to  be  volcanic. 

The  figure  in  Plate  XIY  represents  a  block  of  volcanic  breccia  from 
this  peak.  I  was  unable  to  follow  the  line  of  the  eruptive  rock  so  as  to 
define  it  accurately.  In  going  up  the  creek,  about  a  mile  and  a  half 
above  the  mouth  of  the  !North  Fork,  we  first  meet  with  it  crossing  the 
creek  in  a  direction  south  of  east.  The  western  line  has  a  direction  of 
about  north  25^  west,  and  south  25^  east ;  on  the  north  side  it  curves 
more  to  the  westward,  while  I  think  that  not  very  far  southward  the 
western  line  joins  the  eastern.  The  North  Fork  probably  flows  partly 
along  the  line  of  juncture,  between  the  volcanic  on  the  west  and  the 
gneiss  on  the  east.  The  extent  of  the  outflow  will  have  to  be  deter- 
mined by  closer  investigation  in  the  future;  1  do  not  think  that  it  ex- 
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tends  very  far  to  the  north  of  Grizzly  Peak.  On  Massive  Mountain  the 
rocks  are  mainly  gneissic,  with  alternations  of  a  porphyritic  granite,  or 
rather  granitic  porphyry,  with  seams  in  places  of  quartzite  and  a  horn- 
blendic  volcanic  rock.  The  general  dip  seems  to  be  toward  the  north- 
east. To  the  southwest  of  the  peak  the  dip  seems  to  be  toward  the  north 
and  northwest.  At  the  head  of  Koariug  Fork,  opposite  the  hejid  of  the 
Gunnison,  the  dip  is  to  the  northwest,  and  the  angle  of  inclination  about 
50O.  Between  the  two  there  is  a  continuation  of  the  eruptive  rock  of  Griz- 
zly Peak,  but  to  Avhat  extent  I  am  unable  to  say.  The  gneiss  is  mostly 
dark  and  micaceous,  with  alternating  beds  of  coarse  white  granite,  in 
layers  from  four  to  eight  feet  in  thickness.  The  country  all  about  is  very 
rough  and  rugged,  making  traveling  very  difficult. 

Between  the  head  of  the  Arkansas  and  the  head  of  Eagle  River  there 
is  a  low  pass — Tennessee  Pass — the  elevation  of  which  is  10,242  feet. 
The  upper  part  of  the  river  liows  through  granitic  rocks,  in  which  there 
are  occasional  dikes  of  volcanic  rock.  The  river  flows  through  a  canon 
for  about  three  miles,  when  it  emerges  into  a  broad,  open  valley  about 
four  miles  in  length  and  three  wide.  Here  the  sedimentary  beds  agi\in 
make  their  appearance,  dipping  a  little  north  of  east  at  an  angle  of  5°  to 
lOo  Resting  on  the  gneiss  there  are  quartzites  about  200  feet  in  thick- 
ness, al>ove  which  there  are  limestones,  succeeded  by  shales  and  brown- 
ish sandstones.  Mr.  Holmes  obtained  some  fossils  here — Spirifer^  Fro- 
ductus^  Crinoids.  &c.  On  the  western  side  of  the  creek  we  have  the  lower 
quartzites  capping  the  granites — the  continuation  of  the  same  beds  on 
the  eastern  side  of  the  valley.  At  the  head  of  the  valley  a  large  branch 
comes  in  from  the  east.  Toward  the  head  of  this  creek  there  seems  to 
be  a  slight  change  in  the  dip.  The  beds  which  before  were  horizontal, 
or  nearly  so,  and  having  a  dip  on  the  main  stream  to  the  eastward  or 
northeast,  now  are  slightly  inclined  to  the  westward,  influenced  proba- 
bly by  the  Blue  River  range.  On  the  west  edge  of  that  range  I  am  in- 
clined to  think  there  is  a  fault,  the  continuation  of  one  of  the  faults  west 
of  Mount  Lincoln.  I  hope  to  be  able  to  study  this  region  more  closely 
next  season,  so  that  it  may  be  determined. 

Just  below  the  meadow,  the  creek  enters  a  cailon,  and  the  line  of  the 
sedimentary  beds  crosses  the  creek.  The  trail  here  leaves  the  branch 
coming  from  Tennessee  Pass,  and  crosses  to  a  large  branch  coming  from 
the  west.  For  about  four  miles  of  its  course,  it  is  parallel  to  the  other 
stream,  and  on  the  low  ridge  between  them  capping  the  schists  there  is 
a  layer  of  quartzite,  and  on  the  east  side  of  the  canon  of  the  main 
branch  we  have  all  the  layers  from  the  Silurian  upward  at  least  to  the 
Upper  Carboniferous.  At  the  mouth  of  the  Western  Fork,  a  high  hill 
stands  between  it  and  the  other  fork,  capped  with  the  Silurian  quartz- 
ites. Here  the  main  river  enters  a  deep  and  rough  inaccessible  canon. 
The  trail  keeps  high  up  on  the  hills  overlooking  it.  Sedimentary  beds 
are  shown  on  both  sides.  On  the  west  are  only  the  quartzites  which  I 
have  referred  to — the  Potsdam  group.  On  the  eastern  side,  however, 
we  have  beds  at  least  as  far  as  the  Permian,  and  if  we  could  have  gone 
far  enough  to  the  eastward  1  am  satisfied  1  would  have  found  the  Triassic 
sandstones  on  top,  and  perhaps  even  the  Jurassic  layers.  Mr.  Holmes 
says  that  farther  north,  on  Eagle  River,  not  only  is  the  Jurassic  present, 
but  also  the  Cretaceous.  This  wa«  west  of  Mr.  Marvine's  district,  and 
will  be  the  subject  of  future  investigation.  The  creek  rising  just  north 
and  west  of  the  Holy  Cross  Mountain,  and  flowing  to  the  northeaj^it  into 
Eagle  River,  was  once  the  seat  of  intense  glacial  action,  and  the  valley 
now  presents  us  with  the  most  beautiful  example  of  what  is  on  the  Alps 
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known  as  Bodies  moutoimes  that  is  perhaps  to  be  seen  anywhere  in  this 
country.  These  Roches  moutonnis  are  iinmeose  rounded  masses  of  rock 
scattered  through  the  valley,  and  from  a  distance  look  like  a  large 
flock  of  recumbent  sheep.  These  rocks  have  all  been  polished  by  the 
glacier.  In  this  valley  are  also  groovings  and  striatious ;  these  striaj  and 
grooves  have  the  same  direction  as  the  valley. 

On  the  eastern  side  of  the  valley  of  Eagle  River  we  have  high  blufifs, 
from  which  I  made  the  following  section : 

Section  No.  22. 

In  ascending  order: 

1.  Gneiss. 

2.  White  quartzite. 

3.  Fine-giained,  rather  compact  sandstone  in  lamina",  having  greenish 

grains,  (glaucouitic  ?)  10  feet. 

4.  Sandstones  somewhat  like  those  of  No.  3, but  grayish-brown  in  colorj 

the  lamina?  have  a  greenish  coating  on  which  there  are  mud- 
marks;  98  feet  G  inches. 

5.  Space  probably  tilled  with  sandstone,  22  feet  8  inches. 
G.  White  quartzite,  like  No.  2,  4  feet  9  inches. 

7.  Space,  in  the  ui)per  portion  of  which  there  is  an  outcrop  of  a  met- 
amorphosed conglomerate,  seemingly  made  up  of  pieces  of  white 
quartzite  and  brown  sandstone.  The  masses  are  irregularly 
shaped.  The  lower  part  of  the  space  is  probably  filled  with  sand- 
stone ;  68  i'eet  4  inches. 
.  8.  Light-bluish  limestones,  weathering  on  the  surface  white  and  yel- 
low, non-fossiliferous.  It  is  in  bands  of  from  3  to  8  inches,  and  has 
a  cross-fracture.  At  the  top  it  is  crystalline.  Part  of  the  lime- 
stone is  probably  magnesian ;  219  feet  G  inches. 

9.  Very  hard  black  flinty  limestone,  with  fragments  of  fossils  and  pieces 
of  pyrite,  273  feet  9  inches. 

10.  Space  probably  filled  with  limestone,  1,400  feet. 

11.  Laminated  volcanic  rock,  15  feet. 

12.  Blue  limestone  with  fossils ;  could  not  define  limits  above. 

13.  Space,  lower  part  of  which  is  probably  filled  with  a  continuation  ot 

limestones  of  No.  12,  and  the  upper  part  with  gray  micaceous 
sandstones  and  shales,  408  feet  2  inches. 

14.  Greenish-gray  micaceous  sandstones,  conglomeritic  in  i)laces,  352  feet. 

15.  White  granular  sandstone,  with  brown  spots,  8  feet. 
IG.  Brownish  sandstone,  99  feet  8  inches. 

17.  Ked  sandstone,  11  feet  4  inches. 

18.  Soft  greenish  sandstone  in  fine  layers,  with  a  few  hard  bands  each 

a  few  inches  in  thickness,  99  feet  3  inches. 

19.  Coarse  white  sandstone,   with  grains  of   quartz;    becomes  finer 

grained  above,  71  feet  3  inches. 

20.  Red  sandstone,  57  feet. 

The  fossils  in  No.  9  are  very  indistinct,  some  resembling  Spinier  or 
Spiyiferhia  ;  the  lixyer  is  ju'obably  Carboniferous.  In  No.  12, 1  found  the 
following,  identified  by  Professor  Meek :  Aviculopectenj  Flenrophorm^ 
and  Arieula  or  JJaleveUia  ;  these  indicate  Carboniferous  age  for  the  layer. 

The  section  above  (No. 22)  was  made  north  of  Roches  moutonnds  Creek, 
and  could  not  be  continued  farther  because  the  bluffs  became  perpen- 
dicular. Section  No.  23  was  made  below  the  mouth  of  Roches  mou-^ 
tonnes  Creek,  and  completes  section  22. 


244  GEOLOGICAL   SURVEY   OF   THE  .TEKRITORIES. 

Section  A'o.  23. 

Asceudiug  order : 

1.  Light-iX'd   conglomerate  sandstone  alternating   with  finegrained 

sandstone  shales.  The  latter  have  a  greenish  tinge,  and  are  mi- 
caceous, and  arc  from  a  foot  to  2  feet  in  thickness.  The  conglom- 
erate beds  are  about  2^  feet  thick.  The  upper  beds  of  shales  are 
darker  in  color  and  break  into  thin  lamina,  while  the  conglomerate 
becomes  lighter-colored ;  while  in  the  middle  they  are  dark-red. 
Near  the  top  theie  is  a  layer  of  green  shales  about  8  feet  in  thick- 
ness ;  231  feet. 

2.  Silvery-gray  micaceous  sandstone  shales,  breaking  into  thin  lami- 

nae, 1  foot. 

3.  Coarse  white  sandstone,  with  grains  of  quartz  and  some  decomposed 

feldspar.    This  layer  is  the  same  as  No.  19  in  section  22;  3  feet. 

4.  Fine-grained  sandstone — white;  becoming  ])iuk  in  places,  with  two 

or  three  layers  of  gray  micaceous  shale,  from  two  to  four  inches 
thickness  each,  4  feet. 

5.  Brownish-red  sandstone,  somewhat  conglomeritic  in  places,  30  feet, 

10  inches. 

6.  Dark-red  micaceous  shaly  sandstones,  6  feet  8  inches. 

7.  Red  conglomeritic  sandstone,  38  feet  8  inches. 

8.  White  conglomeritic  sandstone,  5  feet. 

9.  Coarse  white  sandstone.    Near  the  top  there  is  a  band  of  very  hard 

finegrained  red  sandstone.  All  the  beds  seem  to  be  micaceous ; 
more  marked  between  the  layers ;  40  feet. 

10.  White  and  greenish-gray  conglomerates  and  shales.    First  we  have 

conglomerate  and  then  green  micaceous  shales,  with  black  car- 
bonaceous layers :  then  conglomeritic  layers,  above  which  we  have 
about  15  feet  of  nard  sandstone,  with  interlaminated  shales  that 
are  soft ;  then  5  feet  of  gray  compact  micaceous  sandstone.  Next 
there  ai-e  very  soft  greenish-gray  micaceous  shales  for  about  10 
feet,  followed  by  from  10  to  12  feet  of  alternate  beds  of  shale  and 
sandstone,  (some  of  the  latter  conglomeritic,)  varying  from  2  to  4 
feet  in  thickness.  Above  these  we  have  first  conglomerates,  then 
shales,  and  last  of  all,  conglomerates;  511  feet  7  inches. 

11.  Coarse-grained  gray  sandstone,  very  hard,  with  greenish  spots,  4 

feet. 

12.  Fine-grained  reddish-brown  sandstone,  27  feet  4  inches. 

13.  (yoarse  grayish  sandstone,  with  interlaminated  shales  near  the  top  ; 

there  is  a  layer  of  red  sandstone,  above  which  there  is  a  con- 
glomerate layer ;  25  feet  1  inch. 

14.  Sandstone  conglomerate  below,  with  pebbles  of  quartz,  2  inches 

in  diameter.  This  bed  is  the  base  of  a  bluff,  and  is  about  10  feet 
thick.  Above  there  are  alternate  beds  of  shale  and  coarse  sand- 
stone. On  top  of  all  there  is  greenish  micaceous  sandstone ;  252 
feet. 

15.  Sandstone  and  shales,  251  feet  7  inches. 

16.  Sandstone  conglomerate,  5  feet. 

17.  Shales,  20  feet. 

18.  Coarse  sandstone  and  fine  micaceous  shales,  8C  feet  10  inches. 

19.  Conglomeritic  sandstone,  3  feet  9  inches. 

20.  Blackish  micaceous  shales,  3  feet  9  inches. 

21.  Light  gray  shales,  with  hard  sandstone  bands,  3  feet  9  inches. 

22.  'Conglomerate  and  gray  shales,  92  feet  9  inches. 

23.  Pink  conglomeritic  sandstones,  37  feet  5  inches. 
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24.  Coarse  wiiite  conglomerate,  27  feet  3  inebea. 

25.  Greeiii8b-;;ray  micaceous  saudstoue shale,  with  bard  saudstone bands; 

45  feet  11  inches. 
2G.  Very  hard  blue  limestone,  irregular  in  structure;  brown  on  weathered 
surlacea.    This  limestone  has  the  same  character  as  the  limestone 
in  the  shaly  sandstone  in  section  No.  10;  10  feet, 

27.  Coarse  ^ray  sandstones  with  shales,  145  feet. 

28.  Massive  sandstones  of  a  greenish  tinge.    Mostly  fine-grained  and 

micaceous.  Some  beds  are  pebbly,  and  near  the  bottom  there  is 
from  G  to  8  feet  of  black  shale  with  carbonaceous  material.  The 
upper  part  of  the  bluff  on  which  these  exposures  are  is  conglom- 
eritic,  where  the  color  is  darker  than  below;  205  feet  10  inches. 

29.  Eather  coarse  gray  sandstones  in  these  beds,  weathering  of  a  rusty 

color,  fossiliferous ;  342  feet  4  inches. 

30.  Space  reaching  to  the  summit  of  the  h»ll,  and  filled,  in  all  probabil- 

ity, with  sandstones ;  500  feet. 

All  the  beds  in  this  section  have  a  dip  toward  the  northeast,  the 
angle  of  inclination  varying  from  10^  to  25^.  As  we  go  down  Eagle 
Kiver,  we  find  that  the  beds  above  gradually  make  their  appearance, 
and  that  the  dip  becomes  more  and  more  toward  the  north,  until  the 
beds  curve  around  the  end  of  the  range  of  which  the  mountain  of  the 
Holy  Cross  is  the  last  high  i)oint.  Goiug  eastward  from  the  mouth  of 
Hoche  Moutounes  Creek  the  dip  gradually  decreases  toward  the  Blue 
River  range,  where  there  is,  as  I  already  mentioned,  no  doubt  a  fault. 
There  is  also,  I  think,  a  very  small  synclinal  fold  between  Eagle  liiver 
and  the  Blue  liiver  range. 

In  bed  No.  29  of  section  No.  22  I  found  fossils  which  were  submitted 
to  Professor  Lesquereux,  who  has  found  the  following  species :  Calamites 
Suckovii^  Brgt.,  Calamites  gigaSj  Brgt.,  ^tigmariafucoides:  of  the  first  he 
says :  ^^  This  species  is  perhaps  more  abundant  in  the  coal-measures ;  bat 
it  ascends  to  the  base  of  the  Permian,  where,  in  Europe  at  least,  it  has 
been  found  in  plenty.''  The  same  8[>ecies,  however,  was  associated  with 
Calamites  gigas^  which,  Professor  Lesquereux  says,  is  exclusively  Permian, 
or  has  as  yet  never  been  found  in  the  Carboniferous  measures.  Of 
StigmariafucoideH  he  says :  "  It  is  a  universal  speciesof  thecoal-measures, 
also  asceiiding,  rarely  however,  to  the  Permian.  I  am  inclined  to  con- 
sider it  as  Permian  merely  by  the  lithological  relations  to  the  other 
8i)ecia)ens,  but  it  is  not  possible  to  decide  positively  from  this."  The 
latter  specimens  were  found  somewhat  lower  (a  few  feet)  than  the  other 
specimens.  The  layer  in  which  these  specimens  were  found  probably 
lies  near  the  line  between  the  Carboniferous  and  Permian  formations. 
All  below  probably  belongs  to  the  Carboniferous.  Two  things  are 
esi^ecially  noticeable  here,  namely,  the  small  amount  of  limestone  when 
compared  with  the  section  made  at  Horseshoe,  (section  No.  18,)  and 
again  the  presence  of  so  much  carbonaceous  material  in  the  shales  and 
sandstones.  We  have  seen  in  the  section  above  that  there  are  numer- 
ous black  shaly  layers,  but  besides  there  are  also  in  the  sandvstones  at 
various  places  patches  of  black  carbonaceous  material.  When  these 
layers  were  being  de]:)osited  there  must  have  been  low,  marshy  ground 
bordering  this  part  of  the  Sawatch  range.  This  range  must  therefore 
have  b<»en  partly  al)Ove  Avater,  or  at  least  not  very  far  below  the  surface. 
There  may  have  beeu  oscillations  of  the  surface. 

Tlie  sandstones  at  the  upper  portion  of  the  bluff,  those  in  the  latter 
part  of  the  section,  are  very  much  like  those  below  the  first  fault  on  I'our- 
Mile  Creek,  (No.  24  of  section  No.  18.)  1  think  they  are  of  the  san:e  age. 
Another  season  we  may  study  these  beds  again,  and  above  them  I  l:oi)e 
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to  discover  the  limestoues  and  interlamiuated  red  shales  that  we  found 
east  of  Fair  Play,  (No.  18  to  51  in  section  No.  9.) 

The  Sawatch  range  is,  therefore,  probably  a  true  anticlinal  axis,  the 
sedimentary  beds  on  the  east  side,  where  the  Arkansas  Valley  now  is, 
having  been  removed  and  carried  down  the  Arkansas  to  help  in  form- 
ing the  plains.  The  beds  spoken  of  in  the  last  chapter  as  being  faulted 
in  the  range  on  the  wes(.  side  of  the  park,  are  the  remnants  of  these 
beds  that  once  extended  uninterruptedly  to  the  Sawatch  range,  form- 
ing the  eastern  side  of  the  anticlinal.  We  have  seen  that  the  range 
dies  out  both  toward  the  north  and  toward  the  south,  its  highest  por- 
tion being  just  opposite  the  park.  Not  only  is  the  evidence  of  the 
anticlinal  shown  at  the  northern  end,  but  also  on  the  south,  as  will  be 
seen  in  Dr.  Endlich's  report.  The  western  side  will  be  treated  of  in  the 
next  chapter.  The  elevation  of  the  park  range,  in  which  Mount  Lin- 
coln and  Bnfifalo  Peaks  are  situated,  probably  took  place  in  the  Creta- 
ceous or  early  in  the  Eocene  times.  It  is  probable,  also,  that  at  the 
same  time  the  main  range  west  of  the  Arkansas  attained  its  greatest 
elevation.  It  was  doubtless  above  water  before  this,  the  sedimentary 
beds  dipping  slightly  from  it  toward  the  eastward.  This  may  have  re- 
sulted from  a  more  gradual  action,  while  the  later  elevation  was  due  in 
part,  at  least,  to  volcanic  action.  Crossing  the  range  at  the  head  of 
Lake  Creek,  we  descend  on  the  west  side  to  the  waters  of  the  Gunnison 
River,  which  at  this  point  flows  through  a  meadow-like  park  called  Tay- 
lor Park.  This  park  is  bounded  on  the  west  by  gneissic  rocks.  The 
basis  of  the  park  is  also  granitic  and  gneissic,  but  it  is  for  the  most  part 
covered  with  drift,  probably  all  of  glacial  origin.  All  the  creeks  com- 
ing into  the  Gunnison  from  the  east,  rising  on  the  western  slope  of  the 
Sawatch  range,  in  the  park,  present  evidence  of  glacial  action.  On 
Texas  Creek,  the  second  creek  from  the  lower  end  of  the  park,  there  are 
well-marked  lateral  moraines,  reaching  from  the  edge  of  the  mountains 
almost  to  the  main  river  and  gradually  decreasing  in  height.  Almost 
all  the  curves  of  these  moraines  correspond  with  those  of  the  streams 
upon  which  they  are  found.  In  the  limited  time  which  I  hail  I  found 
no  evidence  of  terminal  moraines.  The  main  portion  of  the  park  lies 
on  the  east  side  of  the  Gunnison  River,  which  keeps  close  along  the  edge 
of  comparatively  low  granite  or  gneissic  hills.  Several  outcrops  of 
granite  are  found  throughout  the  park,  but  they  are  mostly  covered 
either  with  the  glacial  drift,  or,  close  to  the  streams,  by  alluvium.  The 
park  has  its  greatest  width  at  the  southern  portion,  where  it  is  about 
six  miles  wide.  At  the  northern  end,  on  some  of  the  branches  coming 
in  from  the  northeast,  volcanic  material  is  seen,  which  is  probably  con- 
nected with  that  on  Grizzly  Peak  and  that  in  the  pa«s  at  the  head  of 
Lake  Creek.  At  the  southwest  corner  of  the  park  the  Gunnison  enters 
a  canon  in  the  granites.  Dr.  Endlich  went  through  this  canon,  and  for 
an  account  of  it  1  refer  to  his  report.  East  of  the  canon  and  south  of 
Taylor  Park,  from  which  it  is  separated  by  a  low  ridge  of  granitic  hills, 
is  a  smaller  i)ark  called  Union  Park.  Here  we  found  some  men  work- 
ing in  the  drift  on  the  branches  of  a  small  creek  and  getting  out  a  lit- 
tle gold.  The  two  principal  gulches  are  named  Cotton  and  Lotus 
Gulches.  Placer-mining  was  carried  on  here  and  in  Taylor  Park  in 
1860,  but  it  was  broken  up  by  the  Indians.  Both  Taylor  and  Union 
Parks  are  partially  timbered,  and  in  the  valleys  of  the  streams  we  have 
a  growth  of  sage-brush,  (artemivsia.)  The  remainder  of  our  district,  in- 
cluding the  Elk  Mountains  and  the  head- waters  of  Itoariug  Fork,  1  will 
reserve  for  the  next  chapter. 
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CHAPTER  lY. 

Gunnison  River — Elk  Mountains — Roaring  Fork. 

LeaviDg  Taylor  Park,  we  followed  to  its  source  oue  of  tbe  western 
branches  of  the  Gunnison,  which  for  the  greater  part  of  its  course  flows 
through  gueissic  rocks  of  the  same  character  that  we  saw  on  the  west 
^ide  of  the  Gunnison,  and  of  which  they  are  really  the  continuation. 
The  course  of  the  stream  is  about  northeast.  Near  the  head  of  the 
<jreek  we  found  the  first  sedimentary  beds  we  saw  west  of  the  Sawatch 
range,  in  an  outcrop  of  blue  limestone  containing  Zaphrentis  and  Sjnnfer. 
The  layer  in  which  the  lossils  occur  is  very  dark  in  color,  and  has  above 
it  lighter  colored  layers  that  are  non-fossiliferous.  The  strike  of  these 
beds  is  north  and  south,  and  they  incline  about  10^  to  the  west.  As 
we  follow  them  southward,  the  strike  gradually  turns  toward  the  west- 
ward. A  few  miles  south  of  this  outcrop,  between  the  Gunnison  and 
the  east  branch  of  Taylor  River,  I  ascended  a  high  point,  which  I  found 
capped  with  the  same  limestone.  I  named  it  the  Triangle,  from  the 
shape  of  this  capping,  which  was  triangular.  It  seemed  to  be  the  center 
of  these  ridges,  one  running  toward  the  west,  one  toward  the  north,  and 
the  third  toward  the  south.  Its  height  is  12,830  feet  above  sea-level. 
Beneath  the  limestones  are  quartzites,  probably  Silurian.  The  northern 
side  of  the  hill  heads  a  small  creek  that  joins  the  east  branch  of  Taylor^s 
Creek  just  above  a  deep  gorge.  The  course  of  this  small  creek  is  at  first 
toward  the  north,  and  then  west.  It  rises  in  an  amphitheater,  recalling 
the  form  of  Horseshoe  Mountain.  The  dip  here  was  toward  the  north- 
west, there  being  a  sharp  turn  to  the  west  in  the  strike,  which  on  the 
ridge  to  the  north  is  almost  north  and  south.  As  we  follow  the  ridge  to 
the  west,  however,  the  strike  turns  still  more  until  its  direction  is  north 
of  west.  Toward  the  south,  however,  the  dip  is  t<)ward  the  southwest, 
and  on  the  next  high  point,  about  a  mile  south  of  the  Triangle,  on  the 
northern  part,  it  is  toward  the  northeast.  Between  these  points,  there- 
fore, there  is  a  fold.  The  more  southern  point  was  visited  by  Dr.  End- 
lich,  and  I  learn  from  him  that  the  summit  is  granitic,  and  that  the  beds 
dip  away  from  it  in  all  directions.  I  think  that  the  cause  of  this  folding 
is  to  be  referred  to  eruptive  agencies,  the  evidence  of  which  is  to  be  seen 
in  the  dikes  that  we  find  to  the  westward,  and  which  will  be  referred  to 
presently.  Before  this  disturbing  element  was  present  the  general  dip 
was  probably  to  the  westward.  The  east  branch  of  Taylor  Creek  cuts 
its  way  at  right  angles  to  the  strike  across  the  strata,  that  continue  west 
from  the  Triangle,  and  flows  through  a  narrow  rocky  gorge,  in  which  I 
made  the  following  section  from  north  to  south  : 

1.  Volcanic. 

2.  Limestone. 

3.  Quartzite. 

4.  Volcanic. 

o.  Sandstone  and  conglomerate. 

0.  Limestone. 

The  first  layers  are  very  indistinct,  but  enough  is  seen  to  show  that 
the  dip  is  toward  the  northeast  in  isos.  2  and  3.  The  first  layer  is  a 
dark-green  porphyiitic  rock,  probably  trachytic.  !Nos.2  and  3  are  prob- 
ably Silurian,  and  are  the  direct  prolongation  of  some  of  the  lower  lay- 
ers seen  on  the  Triangle.  We  see  that  the  dip  has  changed.  Layer  No. 
4  is  a  highly  siliceous  rock  (Rhyolite?)  and  is  in  laminae  which  incline 
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toward  tbe  southwest.  There  are  ineluded  fragments  of  limestone  and 
quartzite  notieed  in  some  places.  The  last  bed  of  limestone  has  a  dii> 
to  the  southwest  and  inclines  at  an  angle  of  C5o.  About  two  miles 
farther  down  the  river,  at  the  mouth  of  Dead  Miin's  Gulch,  the  dip  is 
again  north,  or  a  few  degrees  west  of  north.  At  the  head  of  Dead 
Man's  Gulch,  and  between  Taylor  Kiver  and  Cement  Creek,  are  two 
points,  stations  72  and  73,  which  we  ascended  from  the  valley  of  East 
Kiver.  On  the  ridge  running  southwest  from  Station  72,  which  is  the 
most  western  of  the  two,  the  first  rocks  met  with  were  sandstones 
dipping  north  75^  west,  beneath  which  was  a  bed  of  limestone  dipping  in 
the  same  direction  at  an  angle  of  from  5°  to  10°.  AVe  next  passed  over  a 
saddle,  beyond  which  are  irregular  structured  pink  and  white  mottled 
limestone,  containing  fragments  of  fossils  like  those  we  found  in  the 
Silurian  layers  in  Glen  Eyrie, east  of  thefoot  hills.  Indeed,  the  l>eds  bear 
a  very  close  resemblance  to  them,  and  I  have  but  little  doubt  that  they 
are  of  the  same  age.  The  dip  here  is  north  55^  w^est,  at  an  angle  of 
fiom  50  to  100.  Below  the  beds  just  given  are  quartzites  which  rest  on 
reddish  granites.  On  the  station  itself  we  have  limestones  and  quartz- 
ites, in  too  much  confusion,  however,  to  make  a  very  complete  section. 
The  lowest  exposure  is  a  coarse  quartzite,  above  which  is  a  band  <  f  very 
black  limestone,  flinty  and  containing  |>ebbles.  This  is  from  3  to  4  feet 
thick.  jS'ext  is  a  light  yellowish  limestone,  followed  by  a  brownish-gray 
limestone,  above  which  we  find  dark-blue  limestone.  The  dip  on  the 
western  side  is  toward  the  northwest.  This  changes  toward  the  north 
until  it  becomes  northeast :  the  angle  is  10°.  There  is  also  a  change  to 
tbe  south  and  southeast,  where  we  find  the  dip  to  be  south  and  south- 
west, and  the  angle  25^.  The  station  has  a  broad  top,  and  is  11,862  feet 
above  the  sea-level.  On  the  ridge,  between  stations  72  and  73,  the  dip 
of  the  beds  is  east  of  north,  and  the  angle  15^  to  20o.  We  have  here 
about  60  feet  of  white  limestone  and  then  about  40  feet  of  reddish  quartz- 
itic  sandstone.  These  beds,  1  think,  belong  immediately  below  those 
seen  on  station  72  and  above  those  seen  on  the  ridge  we  ascended. 
At  Station  73  we  have  the  following  beds : 

1.  Iri-egular  spotted  limestone ;  general  color,  gray.    The  lower  portion 

is  very  compact,  and  full  of  purple  spots.  It  contains,  also,  011  the 
weathered  surfaces,  fragments  of  crinoidal  stems  and  corals.  The 
thickness  I  estimated  at  about  20  feet. 

2.  Soft  white-purple  spotted  sandstone,  about  8  or  10  feet  in  thickness. 

3.  Light-gray  limestone ;  very  compact,  especially  above,  where  it  is  also 

somewhat  laminated  5  and  on  the  surface,  weathers  red.  Its  thick- 
ness is  from  30  to  40  feet. 

4.  Irregidar  gray  limestone,  with  large  flint  nodules  and  pebbles.    This 

is  at  the  upper  part  of  the  bed ;  could  not  get  at  the  lower  part, 
which  is  probably  like  that  I  have  referreil  to  above  on  the  first 
ridge  we  ascended ;  could  not  give  the  thickness. 

5.  Quartzites  and  sandstone ;  thickness  not  estimated. 

6.  Mica  schist;  below  this  bed  we  have  rose-colored  granites. 

These  are  the  extension  of  the  granites  in  the  ciifion  of  the  Gunnison 
River,  and  they  reach  to  the  westward  and  southwest  toward  Bast  River 
to  a  line  of  trachyte  rock.  Along  the  creek  heading  under  Station 
73  and  flowing  into  East  River,  there  were  several  exposures  showing 
tbe  beddiug  of  the  granite  very  distinctly.  The  dip  wjis  about  north  75^ 
west,  at  an  angle  of  from  55o"to  60^.  From  the  station  we  could  over- 
look the  canon  of  Taylor  River,  which  seems  to  be  very  rugged  and  cut 
through  the   granites.    From  Station  93  the  line  of  outcrop  of  the 
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sedimentary  beds  curves  in  toward  the  northward,  and  then  back  toward 
the  soQth,  and  crossing  Taylor  Elver  turns  gradually  toward  the  north 
around  the  granite  point  just  south  of  the  Triangle.  The  general  dip 
seems  to  be  north  and  northwest.  This  entire  region  is  one  of  great 
interest,  and  to  be  worked  up  in  detail  will  re<iuire  some  time.  1  can 
hope  to  give  only  the  most  prominent  features. 

Below  the  mouth  of  Cement  Creek,  East  River  flows  through  a  beauti- 
ful broad  valley,  in  which  it  has  cut  well  defined  ten-aces  in  the  drift. 
On  the  south  side,  some  distance  back  from  the  river,  are  two  mount- 
ains, with  mesa  like  summits.  They  were  not  visited,  but  they  are  un- 
doubtedly capped  with  trachyte,  as  is  a  high  hill  on  the  north  side, 
which  was  ascended  by  Mr.  Taggart.  It  is  composed  of  a  light  purplish 
trachyte.  This  rock  extends  to  the  eastward  and  southeastward,  and 
is  probably  continuous  into  Dr.  Endlich's  district.  Above  Cement  Ci  eek 
the  river  flows  through  a  broad  open  valley,  on  either  side  of  which 
the  Cretaceous  formations  are  exiwsed.  1  will  refer  to  this  valley  again 
further  on.  Leaving  the  valley  of  East  Kiver  we  proceeded  up  Cement 
Creek,  which,  near  the  mouth,  is  in  a  canon.  The  first  exposure  of 
sedimentary  rocks  is  on  the  west  side,  near  the  mouth  of  the  cailon. 
Here  are  white  and  rusty  sandstones,  dipping  about  south  65o  west, 
inclination  35o.  These  sandstones  probably  belong  to  the  Cretaceous 
No.  1.  Farther  up  the  creek  we  meet  with  dark  and  rusty-colored  lime- 
stones, which  I  think  are  unconformable  to  the  sandstones  near  the 
mouth,  and  belong  to  a  lower  horizon.  They  will  have  to  be  traced  to 
the  westward  before  their  exact  relation  can  be  determined.  The  dii) 
here  is  about  north  45°  west.  Farther  up  stream,  below  these  lime- 
stones, are  beds  of  quartzite,  which  rest  immediately  on  the  granite. 
They  are  probably  Potsdam.  The  dip  gradually  changes,  and  about 
three-quarters  of  a  mile  up  the  caiion  it  is  north  5°  west,  angle  10°. 
The  course  of  the  creek  here  is  south  of  west.  The  canon  for  atout  two 
miles  has  a  comparatively  wide  valley,  reaching  to  the  base  of  clitt's 
on  either  side.  Above  this  point  the  caiion  narrows,  and  the  trail  has 
to  make  a  wide  detour.  Just  at  the  point  where  the  creek  enters  this 
canon  the  sedimentary  beds  cross  almost  at  right  angles  to  the  course 
of  the  stream.  The  dip  here  is  about  north  15°  east,  angle  20^.  Above 
this  point  the  creek  flows  through  a  beautiful  grassy  valley,  in  which 
all  the  beds  are  covered  until  we  have  gone  about  a  mile  and  a  half  up 
stream,  when  we  come  to  beds  of  eonglomeiate  with  a  red  matrix  con- 
taining pebbles  of  limestone  and  granite.  These  seem  to  be  somewhere 
near  the  line  between  the  Carboniferous  and  the  Triassic  (?)  formations. 
Above  it  are  red  sandstones.  The  dip  of  these  beds  is,  toward  the 
northeast  angle,  10^  to  lo^.  Leaving  Cement  Creek  at  this  point,  we 
crossed  to  Deadman's  Gulch,  striking  one  of  the  northern  branches, 
down  which  we  proceeded  until  we  reached  a  fork  coming  in  from  the 
north.  At  the  head  of  this  the  red-beds  are  tipped  up,  and  dip  about 
south  350  west,  at  an  angle  of  25^.  This  change  in  the  dip  seems  to 
have  been  caused  by  the  upheaval  of  a  high  point  to  the  eastward, 
which  I  took  to  be  volcanic,  judging  from  the  diibri^  in  the  creek  heading 
under  it.  I  was  unable  to  visit  it  for  want  of  time.  Following  up  the 
main  Taylor  Creek  we  find  that  the  layers  we  saw  crossing  the  east 
bran(;h  of  the  creek  still  continue,  the  strike  being  toward  the  north- 
west. One  of  the  dikes  (Layer  Xo.  4  in  the  section)  is  very  prominent. 
Whether  the  other  continues  or  not  I  could  not  determine.  At  the 
head  of  the  creek  there  is  some  confusion  in  the  beds.  On  the  west 
side  of  the  creek  are  high  blufis  of  limestone,  on  top  of  which  there 
is  a  conglomerate  sandstone.    Below  these  beds,  near  the  creek,  is  a 
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series  of  limestODe  shales.  These  beds  on  top  of  the  blnflf  dip  toward 
the  Dortheast  at  an  angle  of  6(P  to  65^.  Following  the  ridge  to  the  north 
we  find  that  a  red  feldspathic  granite  makes  its  appearance,  and  on  a 
high  rounded  hill  on  the  east  side  of  the  amphitheater  at  the  head  of 
the  creek,  resting  on  the  granite,  is  a  bed  of  white  quartzite,  above 
which  are  bluish  and  yellow  limestones.  These  beds,  I  take  it,  are 
Silurian.  At  the  southwest  side  of  the  hill  the  dip  is  toward  the  south- 
west. This  gradually  changes  to  the  west,  and  finally  to  the  northwest 
as  we  go  toward  the  northern  end  of  the  hill,  where  the  angle  of  inclina- 
tion is  25^.  Between  these  beds  and  those  referred  to  above  as  appear- 
ing in  the  cliflls  farther  down  the  creek,  there  seems  to  be  a  break.  In 
the  amphitheater  are  beds  of  blue  limestone  with  shales,  all  dii)ping 
toward  the  southwest ;  but  when  we  ascend  the  ridge  on  the  northern 
side  we  find  limestones,  black  shales,  and  sandstones,  followed  by  thick 
beds  of  limestone,  all  dipping  to  the  northeast.  When  we  ascend 
Italian  Mountain  the  confusion  of  these  beds  is  explained.  The  mount- 
ain is  named  from  the  colors  it  shows  at  a  distance,  red,  white,  and 
green,  the  Italian  national  colors.  The  white  is  due  to  the  granite,  of 
which  the  peak  is  mainly  composeil ;  the  red  is  seen  on  the  weathered 
surface  of  included  beds  of  quartzite,  and  the  gi-een  is  seen  in  the 
grassy  slopes  on  the  eastern  side  of  the  mountain.  Its  elevation  is 
13,255  feet. 

The  peak  is  made  up  in  i>art  of  a  light- gray  granite,  which  I  consider 
to  be  eruption,  and  rusty  qnartzites  very  much  metamorphosed.  These 
quartzites  in  places  stand  on  end,  and  in  others  dip  southwest  and  north- 
east, at  angles  from  80°  to  85o.  Between  some  of  the  beds  are  long 
narrow  seams  of  the  granite.  This  is  beautifully  shown  in  the  accom- 
panying illustration  made  by  Mr.  Holmes,  Fig. 

This  shows,  also,  how  the  quartzite  has  been  broken  up  by  the  gran- 
ite. The  illustration  shows  the  northern  face  of  the  peak.  On  the  west 
side  there  is  a  fault  of  al)out  400  feet  in  the  quartzite.  This  fault  ex- 
tends to  the  northwest,  and  I  shall  refer  to  it  agam«  Extending  from 
the  peak  toward  the  southeast  is  a  line  of  eruptive  granite  gradually 
thinning  out.  Close  to  Italian  Mountain  is  a  high  point  at  the  com- 
mencement of  a  ridge,  which  forms  the  western  side  of  the  amphithea- 
ter heading  Taylor  Creek.  Italian  is  the  most  eastern  high  peak  in  the 
Elk  Mountains."  The  name  Elk  Mountains  is  applied  to  the  mass  of 
mountains  between  the  Gunnison  IJiver  and  the  waters  of  the  Koaring 
Fork  of  Grand  liiver.  The  trend  of  the  range,  at  first,  is  almost  at 
right  angles  to  the  trend  of  the  Sawatch  range.  Afterward,  however,  it 
turns  to  the  northwest.  The  nucleus  of  the  range  is  composed  of  erup- 
tive granite,  of  which  that  on  Italian  Mountain  is  a  part.  The  general 
trend  of  this  granire,  which  shows  itself  in  three  island-like  patches, 
entirely  isolated  from  each  other,  is  northwest  and  southeast.  This  is 
also  indicated  by  the.  courses  of  the  principal  streams.  The  course  of 
Roaring  Fork  and  its  branches  is  toward  the  northwest,  while  East 
liiver  flows  to  the  southeast,  its  course  being  parallel  to  that  of  Roar- 
ing Fork,  although  it  flows  in  exactly  the  opposite  direction. 

To  the  north  of  Italian  Peak,  between  it  and  the  divide  between  the 
Gunnison  and  Roaring  Fork,  there  are  remnants  of  the  sedimentary  beds. 
To  the  west  we  have  a  grand  view  from  the  summit.  The  island  of  erup- 
tion is  distinctly  shown,  the  white  or  light-gray  color  of  the  granite  be- 
ing contrasted  with  the  dark  colors  of  the  older  stratified  rocks,  above 
which  are  the  bright-red  sandstones  of  Triassic  age,  and  resting  on  them , 
in  a  few  isolated  places,  patches  of  lighter-colored  beds  that  are  of 
Jurassic  and  Cretaceous  age.     The  sedimentary  beds  are  beautifully 
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shown  (lippiDg  away  from  the  granite  nncleas.  They  are  lifted  bili^h  ap, 
and  form  some  of  the  most  prominent  peaks  in  the  range,  the  stratiti- 
cation  of  the  rocks  giving  the  mountains  a  peculiar  architectural  form. 
The  pyramidal  form  is  frequent.  Southeast  of  the  peak  I  made  the  fol- 
lowing section  in  ascending  order : 

Section  No.  24. 

1.  From  the  pass  at  the  head  of  a  small  western  branch  of  Taylor  River 

we  have  a  space  reaching  about  400  feet  up  the  hill,  in  which  the 
beds  are  covered.  Occasional  outcrops  indicate  that  this  space  is 
tilled  with  red  sandstones  below,  above  which  there  are  lime- 
stones, with  interlaminated  shales  and  conglomerates.  Above 
we  have  as  follows: 

2.  Hard  gray  laminated  sandstone,  becoming  coarse  near  the  top^  dip 

50O ;  50  feet. 

3.  Conglomerate ;  pebbles  of  blue  limestone  and  granite,  from  I  to  4 

inches  in  diameter,  in  a  coarse  red  sandy  matrix,  30  feet. 

4.  Brownish  red  sandstone,  20  feet. 

5.  Space  probably  filled  with  continuation  of  2f o.  4,  20  feet. 

6.  Dark,  compact,  grajish-blue  limestone,  fossiliferous,  with  veins  of  cal- 

cite,  becoming  laminated,  and  somewhat  laminated  as  we  go  up, 
12  feet. 

7.  Yellowish-gray  standstone,  becoming  conglomeritic  above,  with  peb- 

bles of  limestone  and  granite.    The  dip  here  is  about  40^  j  4  feet. 

8.  Coarse  yellow  sandstone,  5  feet. 

9.  Fine  yellowish  sandstone,  in  laminse  of  about  J  of  an  inch.    The 

lower  layers  have  a  reddish  tinge,  while  those  above  become  more 
gray ;  3  feet. 

10.  Sandstone  shales;  some  of  the  layers  are  conglomeritic,  with  peb- 

bles of  limestone.  Below  they  are  gray,  in  the  middle  red,  and 
above  yellow  ;  60  feet. 

11.  Compact  blue  limestone,  very  dark  and  laminated  below,  lighter- 

colored  above,  and  fossiliferous,  4  feet. 

12.  Bluish  gray  calcareous  shales,  8  feet. 

13.  Yellowish  sandstones,  somewhat  shaly,  graduating  toward  the  top 

into  fine  calcareous  shales,  50  feet. 

14.  Bluish  calcareous  shales,  3  feet. 

15.  Snuff-colored  sandstone,  loose  textured  and  porous,  4  feet. 
10.  Bluish-gray  calcareous  shales,  25  feet. 

17.  Blue  laminated  limestone,  weathering  light  gray,  5  feet. 

18.  Sandstone,  weathering  dark  yellow,  with  interlaminated  soft  gray 

sandy  shales,  all  calcareous,  in  layers  from  1  to  2  feet  thickness, 
50  feet. 
10.  Coarse  reddish  yellow  sandstone,  followed  by  an  alternation  of  sand- 
stones and  shales,  00  to  70  feet. 

20.  Purplish-red  sandstone,  5  feet. 

21.  Reddish-yellow  sandstone,  30  feet. 

22.  Yellow  sandstone,  10  feet. 

23.  Reddish  sandstone,  5  feet. 

24.  Sandstones  and  shales,  30  feet. 

25.  Space  probably  filled  with  sandstone,  70  feet. 
20.  Blue  laminated  sandstone,  25  feet. 

27.  Gray  sandstone,  8  feet. 

28.  Coarse  reddish  sandstone,  becoming  gray  toward  the  top,  Go  feet. 

29.  Blue  fossiliferous  limestone,  5  feet. 
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30.  Micaceona  sandstones  and  shales,  gcnenil  color  gray  and  yellowish, 

greenish  gray  at  top,  40  to  50  feet. 

31.  Greenish-gray  micaceous  sandstones,  all  laminated  and  having  a  few 

thin  beds  of  limestone  near  the  top.  They  extend  a  distance  of 
about  a  quarter  of  a  mile,  dipping  at  an  angle  of  about  30^  toward 
the  northeasts 

32.  Hard  irregular  black  limestone,  10  feet. 

33.  Kusty-brown  quartzetic  sandstone. 

34.  Brown  crystalline  limestone. 

I  was  nnable  to  get  the  thickness  of  these  last  two  beds,  as  they  were 
somewhat  confused  by  the  presence  of  the  eruptive  granite,  which  rises 
here  toward  the  high  point  just  south  of  Italian  Mountain.  The 
quartzit^s  seen  on  the  peak  evidently  belong  to  this  section,  of  which 
they  are  probably  the  lower  portion,  for  the  upper  layers  here  are  really 
the  older  or  lower  if  the  beds  were  in  their  proper  position.  There  has 
been  a  con^>lete  inversion.  The  dip  on  the  top  of  the  ridge  is  about 
north  40O  to  diP  east. 

In  bed  No.  1  of  the  section  No.  24,  some  distance  below  No.  2,  in  a 
red  limestone,  I  found  a  specimen  of  Loxonemia.  It  was  below  the  con- 
glomerates given  in  the  upper  part  of  the  bed.  It  is  probably  Carbon- 
iferous. In  layer  No.  61  found  ProductuB  muricatus^  Spirifer^  and  other 
indistinct  fossils.  In  No.  11  there  was  a  profusion ;  among  the  speci- 
mens collected,  Professor  Meek  has  identified  Productus  muricatu^^  N. 
&  P. ;  Athyris  »ubUUta^  Hall ;  Rhynchonella  osagerutiSj  Swallow ;  Hemi- 
pranites  crassus^  M.  &.  II. ;  Terebratula  bovidens,  and  Retzia  punctuU/era. 
In  No.  29  I  found  some  fragments,  among  which  Productus  muricatus 
was  identified. 

Descending  to  Cement  Creek  we  again  find  conglomerates  and  red 
sandstones,  dipping  to  the  southwest,  the  angle  being  only  a  few  de- 
grees, (5o  to  8o.)  As  we  go  up  creek  this  increases  gradually  until  the 
beds  are  suddenly  turned  up  and  stand  almost  on  end.  Mr.  Holmes 
tells  me  that  beyond  this  point  the  beds  dip  to  the  northeast.  There  is 
therefore  running  across  the  creek  here  a  line  of  fracture,  the  direction 
of  which  is  northwest  and  southeast.  On  the  south  side  of  this  line, 
which  is  probably  connected  with  the  fault  in  the  quartzites  on  Italian 
Mountain,  fi*agments  of  the  Cretaceous  beds  cap  the  hill.  Some  distance 
down  the  creek,  as  we  have  already  seen,  the  dip  is  toward  the  north- 
east, inclining  from  0°  to  15^.  Between  the  two  points  there  must  be 
a  synclinal  fold,  the  axis  of  which  crosses  Cement  Creek  with  a  direc- 
tion a  little  west  of  north.  From  Cement  Creek  we  crossed  to  the  head 
of  a  small  branch  of  Cascade  Creek,  the  east  branch  of  East  River. 
This  small  creek  rises  on  the  broad  divide,  and  has  cut  its  way  through 
the  red  sandstones,  which  are  ca[)ped  hei^e  with  lighter-colored  beds, 
probably  of  Jurassic  age.  Below  the  red  sandstones  are  thick  beds  of 
i*ed  conglomerates  like  those  seen  on  Cement  Creek.  The  dip  is  west, 
or  perhaps,  in  some  places,  a  few  degrees  south  of  west.  For  a  short 
distance  the  creek  flows  through  a  grassy  valle^',  that  gradually  deepens 
until  it  ends  on  the  ^d^^.  of  steep  bluffs,  over  which  the  creek  flows  to 
join  the  main  stream,  which  is  about  000  feet  lower  down.  From  Ihtc 
we  have  an  excellent  view  down  the  river.  The  caiion  walls  of  Cascade 
Creek  are  bright-red  sandstones  and  conglomerates,  in  which,  on  the 
west  side  near  the  forks  of  the  two  streams,  is  a  broad  trachytic  dike. 
(a  b  in  Plate  XV.)  It  is  about  50  feet  wide,  and  crosses  the  creek.  Its 
direction  is  about  south  Oo'^  west.  The  dip  of  the  beds  seems  to  have 
been  but  little  afl'ected  by  the  dike.    As  we  go  down  stream  the  dip 
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becomes  more  and  more  toward  the  south,  aud  we  pass  over  red  sand- 
stones and  conglomerates.  The  matrix  of  these  conglooierates  is  a 
coarse  red  sand,  in  which  are  large>pebbles  of  limestone.  The  angle  ot 
the  dip  to  the  southwest  is  25^.  This  is  at  a  i)oiut  about  a  mile  below 
the  forks.  A  nnmber  of  beautiful  falls  and  cascades  diversify  the 
course  of  the  stream.  Below  these  the  dip  changes,  aud  it  is  toward 
the  north  and  northeast.  This  corresponds  exactly  with  what  we  saw 
on  Cement  Creek.  Below^  in  all  probability  the  Silurian  layers  may 
be  discovered,  although  I  did  not  have  time  enough  here  to  identify 
them. 

About  two  miles  below  the  forks  a  large  creek  comes  in  from  the 
northwest.  It  rises  under  Castle  Peak,  and  I  will  have  occasion  to  refer 
to  it  again  when  I  speak  of  the  peak.  From  its  mouth  a  broad  open 
valley  reaches  almost,  without  interruption,  to  East  River.  Just  above 
the  mouth,  on  the  east  side,  in  the  bed  of  the  creek,  there  is  an  outcrop 
of  quartzite,  below  which  are  shales.  On  the  west  side,  reaching  up 
for  400  or  500  feet,  are  limestones,  above  which  we  find  the  red-beds.  I 
cannot  say  with  certainty  of  what  age  these  beds  are,  but  they  are 
probably  Carboniferous.  A  little  less  than  a  mile  farther  down  the 
stream  we  find,  on  the  west  side,  outcrops  of  Cretaceous  rocks,  consist- 
ing mainly  of  calcareous  clay  shales,  with  interlaminated  limestones. 
In  one  of  the  upper  layers  I  discovered  fossils  agreeing  with  those  I 
found  east  of  the  mountains  in  bed  No.  2  of  section  No.  1.  The  bed  has 
the  same  characteristics,  including  even  the  bituminous  odor  on  fracture. 

Above  we  find  from  25  to  30  feet  of  rough  conglomeritic  sandstone  of 
a  rusty  yellow  color ;  next  are  thick  beds  of  laminated  limestone.  All 
these  beils  dip  toward  the  northeast.  Crowning  the  hill  are  red-beds. 
There  is,  1  think,  a  fault  running  through  here.  Its  direction  is  proba- 
bly northwest  and  southeast.  It  extends  across  Teocalli  Cr^ek  also. 
Here,  however,  the  beds  are  very  much  confused,  seeming  to  have  been 
crushed  together.  Mr.  Holmes  has  made  a  very  excellent  drai;\ing  of 
the  appearance  of  the  beds  on  the  west  side  of  Teocalli  Creek  in 
Plate  XVI.  The  following  section  was  made  here,  the  lettei*s  being  the 
same  as  those  in  the  illustration : 

Section  No.  25. 

f  1.  Conglomerate  of  large  limestone  pebbles  in  a  red";  Thickness  not 
A    I  siliceous  matrix.  (     accurately 

^    j  2.  Fine  red  sandstone  shales,  with  bauds  containing  [  taken ;  about 
I         nodules.  3 10  to  15  feet. 

„  4  3.  Very  hard,  compact,  dark  and  blue,  almost  black,  limestone ;  8 
'  I  inches  to  1  foot. 

4.  Purplish  blue  limestone;  weiithering,  reddish  on  surfaces ;  1  to  2 
feet. 
C  {  5.  Steel-gray  quartzitic  sandstone,  1  foot. 

0.  Soft  light-gray  calcareous  sandstone,  shaly  below,  10  feet. 
7.  lied  sandstone,  fine  grained,  and  somewhat  soft,  2  feet. 
y.  i  8.  (xray  sandstone,  3  feet. 

( i).  Soft  gray  sandstone  shale,  2  feet. 
E    10.  Conglomerate,  6  feet. 

Below  the  beds  given  in  this  section  we  have  as  follows : 

Bed  sandstones,  10  feet. 

White  sandstones,  15  feet. 

Red  sandstone,  8  feet. 

Mottled  sandstone  shales,  10  feet. 
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The  beds  are  very  irregnlar  in  strnctare,  arid  also  in  color.  The  same  bed 
may  be  conglomeritic  at  one  place,  and  then  gradually  become  fine,  while 
the  color  will  Hhade  from  a  deep  red  into  white  or  gray.  Not  only  are 
the  beds  crushed  together,  but  they  are  also  broken,  as  seen  in  the  illus- 
tration. The  lino  F  G  represents  the  fracture.  As  we  go  up  Teocalli 
Creek  the  beds  on  the  west  side  dip  at  first  at  a  very  small  angle,  not 
more  than  5^,  to  the  south  or  southwest.  Farther  up  it  is  45©,  and  this 
soon  increases  to  8()o.  As  we  go  west,  along  the  ridge,  we  find  that  the 
beds  are  completely  turned  over  past  the  vertical.  Mr.  Taggart  was  on 
the  ridge,  and  found  Carboniferous  fossils  in  beds  that  were  inverted. 
On  the  east  side  of  the  creek  is  a  high  pyramidal  mountain,  (Teocalli,) 
which  I  ascended.  Its  height  is  13,01)8  feet,  and  it  rises  over  3,000  feet 
above  the  bed  of  the  creek.  The  stratification  of  the  rocks  composing  it 
is  almost  horizontal,  and  they  have  weathered  into  curious  forms.  On 
the  east  and  south  is  a  series  of  enormous  steps,  while  the  north  face 
presents  ciistellated  forms.  The  rocks  are  all  very  much  metamorphosed, 
and  are  of  a  dark  maroon-red  color.  At  the  base  on  the  southern  side 
Mr.  Taggart  found  the  following  beds  from  below  upward  : 

1.  Yellow  conglomerate. 

2.  Purplish  limestone. 

3.  Yellow  limestone  and  purple  shales. 

4.  Purple  shaly  limestone. 

5.  Com]>act  brownish-red  sandstone. 
C.  Green  cherty  limestone. 

7.  Purple  sandstone. 

S.  Sandstones. 

These  beds  all  dip  about  north  45o  east,  at  an  angle  of  about  55^.  He 
was  unable  to  carry  the  section  any  higher,  as  the  slopes  were  grassed 
over.  Tlie  mountain  stands  on  the  southern  edge  of  the  eruptive  island 
of  which  Italian  Mountain  is  the  most  eastern  high  point.  Here  it  is 
rather  narrow ;  but  to  the  east,  south  of  Castle  Peak,  it  widens,  as  it  also 
does  around  White  liock  Mountain,  to  the  northwest  of  which  it  again 
narrows  and  ends,  the  sedimentary  beds  not  having  been  broken 
through. 

The  following  section  was  made  from  the  summit  of  Teocalli  Mountain 
in  descending  order  : 

Section  No,  20. 

1.  V(M'y  fine  textured  laminated  sandstone,  generally  of  a  maroon  color, 

although  grayish  in  some  places.    They  have  been  very   much 
changed.    Thickness  about  350  feet. 

2.  Yellowish  metamorphosed  sandstone,  50  feet. 

3.  Metamorphosed  conglomerate  gray  matrix,  with  large  purplish  peb- 

bles, 50  feet. 

4.  Finegrained  sandstone  streaked  with  lines  and  spots ;  general  color 

reddish  maroon  ;  about  50  feet. 

5.  Grav  conglomerate,  with  interstratified  purplish  and  gray  sandstones, 

200  feet. 

6.  Gray  sandstone  and  conglomerate,  150  feet. 

7.  Coarsegrained  light  gray  sandstone,  greenish  in  places, 6  to  8  feet. 

8.  Sandstone  conglomerate,  5  feet. 

9.  Light  grayish  brown  sandstone,  50  feet. 

10.  Coarse  greenish  variegated  sandstone,  20  feet. 

11.  Space  probably  filled  with  sandstones  that  jire  yellow,  judging  from 

the  debriff ;  55  feet. 
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12.  Yellowisb-white  limestone.    The  upper  part  pn^ados  into  a  sandstone, 

and  bas  small  crystals  of  pyrites.  Below  the  bed  has  an  iiTejj:ular 
cross-fracture,  and  is  white  on  the  weathered  surfaces.  Thickness 
about  20  leet. 

13.  liusty  yellow  quartzite  with  seams  of  eruptive  rock  runniu^^  throufifh 

it,  which  has  disturbed  the  beds  very  much.  The  angle  of  the  dip 
here  is  about  5(P,  and  seems  to  be  toward  the  east  or  north  of  east. 
Thickness  is  about  50  feet 

14.  Eruptive  granite  reaching  to  the  creek,  a  distance  of  about  600  feet. 
These  beds  on  Teocalli  Mountain  seem  to  have  been  broken  ofif  from 

those  on  the  west  side  of  the  creek,  and  carried  up  past  them.  Crossing 
the  ridge  from  Teocalli  Creek  to  Dike  Creek,  coming  from  Castle  Peak, 
we  followed  the  stream  up  to  the  foot  of  the  peak.  At  the  foot  of  Teo- 
calli on  the  east  side,  there  seems  to  be  a  dip  to  the  west  or  southwest. 
This  gradually  changes  to  the  south  and  southeast,  toward  the  east. 
The  exposures  are  all  of  reddish  sandstones  and  coarse  conglomerates. 
As  we  go  up,  the  strike  of  the  sedimentary  beds  crosses  the  creek  and 
has  a  direction  a  little  north  of  east,  juobably  joining  the  lino  of  out- 
crop of  the  beds  northwest  of  Italian  Mountain.  After  leaving  this  line 
the  valley  is  underlaid  by  eruptive  granite,  and  near  the  head  of  the 
creek  resting  on  this  granite  on  the  summits  of  the  ridges  on  either  side 
are  the  sedimentary  formations,  forming  a  semicircle  around  the  head 
of  the  creek.  At  the  head  of  the  amphitheater  thus  formed  is  Castle 
Peak,  a  high,  black-looking  peak,  in  shape  somewhat  resembling  Teo- 
calli. It  is  not  so  regular,  however,  the  outline  being  very  rough  and 
ragged.  It  is  on  the  north  side  of  the  eruptive  island,  and  is  composed 
mostly  of  sandstones  that  are  very  much  changed  and  intersected  with 
dikei).  We  ascended  the  mountain,  but  the  weather  was  so  stormy  that 
I  did  not  attempt  to  make  any  section.  The  summit  is  13,930  leet  above 
sea-level,  and  about  2,40u  feet  above  the  head  of  the  creek.  While 
on  the  top  we  were  almost  constantly  surrounded  by  clouds,  and  it 
wa«  only  occasionally  and  for  a  very  short  time  that  we  were  able  to  see 
any  of  the  siuTOunding  country.  From  the  peak  eastward  the  general 
strike  is  a  little  south  of  ea>5t,  with  an  irregular  outline  until  we  reach  the 
head  of  the  Gunnison  River,  when  it  turns  to  the  north,  and  seemingly 
follows  a  branch  of  Roaring  Fork,  which  tlows  to  the  northward.  On 
the  summit  is  a  very  hard  metamorphosed  laminated  sandstone,  gener- 
ally of  a  somber  reddish-brown  color,  streaked  in  places  with  green. 
Xext  below  is  a  very  handsome  sandstone  conglomerate,  and  then  a 
yellowish  sandstone,  all  metamorphose<l.  lielow  these  we  have  an  alter- 
nation of  red  sandstones  and  conglomerates  until  we  reach  the  base  of 
the  mountain.  The  beds  are  all  more  or  less  changed  and  intersected 
by  dikes,  which  sometimes  cnt  across  the  stiata,  and  again  lie  between 
different  layers.  The  dip  is  nearly  due  north,  and  the  angle  of  inclina- 
tion on  the  ridge  below  the  summit  is  from  5*^  to  10^.  It  is  dilficult 
without  closer  study  to  determine  with  exactness  to  what  age  these 
rocks  should  be  referred.  I  think  it  pi obable,  however,  at  that  the  base 
we  have  the  Potsdam  sandstone  or  quartzite,  and  above  the  Silurian, 
the  Carboniferous,  and  Permian  ro(;ks.  Those  on  the  summit  are  proba- 
ably  Permian.  I*erhai)s  Permo-carboniferous  would  be  the  best  term  to 
apply  to  them.  White  Rock  Mountain  is  at  the  head  of  Teocalli  Creek. 
To  the  south  the  sedimentary  beds  are  overturned,  the  strike  being 
northwest  and.  southeast  and  the  dip  to  the  northeast.  On  the  north 
the  dip  is  to  the  north  and  noitheast.  To  the  west  the  sedimentary 
beds  extend  across  the  granite.  TheiH}  is,  however,  a  break,  although 
the  granite  does  not  appear  through  them.    Before  reaching  this  point 
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the  beds  that  were  turned  over  beyond  tbe  vertical  have  resumed  their 
orij^inal  )>ositioD,  and  the  ends  have  been  dragged  in,  as  shown  in  Fig, 
1,  Plate  XVIII,  which  represents  a  section  made  west  of  White  Rock. 
The  peak  is  made  up  of  eruptive  granite,  and  is  13,671  feet  high.  Near 
the  base  I  found  micaceous  hematite  coating  the  surfiices  of  the  granite 
debris  in  radiating  crystals.  The  rock  near  the  summit  is  very  much 
broken  up,  rendering  the  ascent  of  the  peak  a  little  dangerous  in  places. 
North  of  the  peak  the  summits  of  the  ridges  are  cappecl  with  sediment- 
ary beds,  dipping  north  and  northeast.  All  the  mountains  in  this  mass 
have  conspicuous  amphitheaters,  in  which  there  are  snow-banks  and 
small  lakes,  the  latter  generally  irozen.  Returning  to  the  mouth  of 
Teocalli  Creek,  we  find  ourselves  in  the  broad  valley  of  Ea«t  River. 
East  River  flows  through  Cretaceous  rocks.  Below  the  mouth  of  Slate 
River,  the  largest  western  branch,  are  several  beautiful  terraces.  The 
Cretaceous  area  extends  southward  into  Dr.  Endlich^s  district.  Below 
the  mouth  of  Slate  River,  on  the  west  side  of  East  River,  beyond  the 
valley,  the  Cretaceous  rocks  are  coverexl  by  an  overflow  of  trachyte. 
As  we  come  around  from  Teocalli  Creek  to  East  River,  the  most  strik- 
ing points  are  "Crested  Butte"  and  "Gothic  Butte,''  which  stand  be- 
tween East  River  and  Slate  River.  They  are  both  isolated,  and  rise 
considerably  higher  than  the  surrounding  country.  Both  are  sur- 
rounded with  cretaceous  shales.  Crested  Butte  is  the  more  southern  of 
the  two,  and  is  11,838  feet  in  height.  It  is  composed  of  eruptive  gran- 
ite, similar  to  that  on  Italian  Mountain  and  White  Rock.  Between  the 
two  buttes  there  is  an  exiK)sure  of  trachyte,  which  is  i)robably  continu- 
ous with  a  band  that  is  seen  in  Gothic  Butte.  The  latter  is  six  miles 
from  Crested  Butte.  It  was  visited  by  Doctor  Hayden,  and  to  his  report  the 
reader  is  referred  for  the  details  of  its  structure.  The  summit  is  trachytic. 
Whether  this  is  only  a  capping  or  not  I  cannot  say  positively.  I  am 
inclined  to  think,  however,  that  it  is  not  merely  a  capping,  but  that  its 
relation  to  the  surrounding  beds  is  as  shown  in  Fig.  1,  Plate  XVII,  at  a. 
Below  the  trachyte  that  is  seen  on  the  summit  are  cretaceous  shales  on 
the  side  of  the  butte,  and  below  a  second  layer  of  trachyte.  On  the  oppo- 
site side  of  the  valley  Mr.  Holmes  found  in  the  shales  of  No.  2  Creta- 
ceous, a  bed  of  trachytic  rock.  This  extends  for  some  miles.  I  think 
that  this  mass  is  intrusive,  and  is  connected  with  the  trachyte  of  the 
butte.  Mr.  Holmes  was  unable  to  determine  the  line  of  junction 
betweim  it  and  the  beds  above.  I  but  little  doubt  that  the  shales  just 
above  will  be  found  changed  to  a  greater  or  less  degree  near  the  tra- 
chyte. I  have  before  referred  to  the  inversion  of  the  beds  on  the  north- 
east side  of  East  River.  These  inverted  beds  are  seen  in  Fig.  — ,  Plate 
XVII,  the  Silurian  being  on  top.  The  lower  beds  are  all  cretaceous. 
At  the  head  of  a  small  branch  of  East  River  we  have  bluffs  of  these 
beds  dipping  to  the  northeast  about  north  55^  east,  at  an  angle  of  2(P 
to  250.  First  are  about  100  feet  of  very  thinly  himinated  black  shales, 
nou-fossiliferous.  Next  are  yellowish  sandstones  and  shales  for  about 
150  or  200  feet.  In  the  lower  part  of  these  shales  fragments  of  stems 
and  leaves  are  found.  I  saw  also  some  poor  specimens  of  inoveramm. 
Above  we  have  black  shales.  How  far  they  extend  I  was  unable  to 
determine,  the  slope  being  grassed  over.  On  another  small  creek,  the 
one  seen  to  the  right  of  a  hill,  the  first  exposure  is  a  bed  of  white  lime- 
stone shown  at  /,  Plate  XVII.  Below,  or  rather  above,  as  the  beds 
aie  inverted  at  the  point  <?,  Mr.  Holmes  found  fossils  of  Xo.  3  Creta- 
ceous. This  bed  of  limestone  is,  therefore,  probably  the  same  white 
bed  that  is  seen  in  the  Cretaceous  all  along  the  foot-hills  on  the  edge  of 
the  plains.    It  is  bed  No.  1  in  section  Xo.  1,  and  No.  44  in  section  Xo. 
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3.  Then  there  is  a  space  reaching  to  the  bed  d,  which  seems  to  be  filled 
entirely  with  black  shales.  At  d  is  a  bed  of  white  sandstone,  quartzitic 
in  places.  It  is  beyond  donbt  the  !No.  1  Cretaceous*  Above  it 
are  variegated  shaly  beds.  The  colors  are  very  bright.  They  are 
green,  purple,  yellow,  and  white.  They  extend  for  300  or  400  feet,  and 
are  succeeded  by  red-beds  which  extend  for  nearly  1,000  feet,  grading 
into  maroon-colored  beds,  beyond  which  are  yellow  beds,  probably  rep- 
resenting the  Silurian.  Above  No.  1  Cretaceous,  therefore,  is  a  com- 
plete series  from  the  top  of  the  Jurassic  to  the  base  of  the  Silurian.  At  g 
the  eruptive  granite  is  seen.  The  illustration  shows  also  how  the  beds, 
farther  along,  at  a,  are  in  their  natural  position.  On  the  other  side  of 
the  valley,  jiist  above  Crested  Butte,  the  dip  is  northeast,  and  at  this 
point,  therefore,  East  Eiver  flows  in  the  axis  of  a  synclinal  fold.  At 
the  base  of  Gothic  Butte  the  dip  is  the  same  as  on  the  opposite  side  of 
the  valley,  viz,  toward  the  southwest.  On  Slate  River  the  rocks  are 
all  Cretaceous,  and  there  are  some  very  fine  ten»aces  cut  into  these  rocks. 
The  general  dip,  1  think,  is  to  the  northeast  or  east.  1  hope  to  be  able 
to  visit  this  region  again  in  continuing  the  work  westward,  and  to  be 
able  then  to  determine  some  points  that  are  as  yet  somewhat  indefinite. 
The  Elk  Mountain  region  is  sufficient  of  itself  to  furnish  severally  ears' 
work.  Slate  Eiver  formed  the  western  limit  of  our  work  for  the  season 
at  this  point,  although  more  to  the  north  we  worked  considerably  further 
to  the  westward.  Fig.  1,  Plate  XVIII,  represents  a  section  (partly 
ideal)  through  Gothic  Mountain  and  aeross  the  granitic  area  west  of 
White  House  Mountain.  It  is  an  interesting  fact  that  the  beds  from  b 
to  c  are  right  side  up,  while  a  short  distance  down  the  river  they  are 
inverted,  as  seen  in  Plate  XVII,  and  also  on  Kock  Creek,  as  shown  in 
Fig.  2,  Plate  XVIU.  It  is  opposite  Gothic  Mountain  that  they  are  in 
the  normal  position.  It  is  fair,  then,  to  infer  that  the  presence  of  Gothic 
Mountain  has  something  to  do  with  it.  Either  the  force  of  upheaval  of 
the  latter  counteracted  the  force  of  elevation  of  the  main  range,  or  the 
egress  of  the  trachyte  acted  as  a  relief  to  the  latter  force.  The  two 
elevations  were  probably  contemporaneous,  at  least  in  part.  The  erup- 
tion of  Gothic  Mountain  must  have  occurred  at  the  same  time  that  the 
inversion  of  the  beds,  both  below  and  above  it,  took  place.  At  the  same' 
time  the  beds  were  compressed  laterally,  and  the  fold  between  c  and  d 
was  formed.  As  we  look  down  East  Kiver,  from  Bellevue  Mountain, 
we  have  a  line  view  of  these  beds.  They  are  so  folded  between  c  andd 
as  to  form  a  semi-quaquaversal.  As  shown  in  the  illustration,  subse- 
quent erosion  has  broken  the  connection  between  the  beds,  and  a  little 
beyond  the  point  where  the  section  was  made  the  granite  is  seen  in  the 
center.  At  e,  on  the  north  side  of  the  granite  area,  the  sedimentary 
beds  are  seen  dipping  toward  the  northeast.  It  is  probable  that  the 
mass  of  granite  shown  at/ and  the  trachyte  forming  Gothic  Mountain 
are  connected.  It  would  be  interesting  if  we  could  trace  the  trachyte 
down  to  that  connection  and  learn  whether  or  not  there  is  a  gradual 
transition  into  the  granite.  The  Elk  Mountains  present  many  complex 
problems,  and  it  will  require  years  of  close  and  arduous  work  to  master 
all  the  geological  detiiils.  Each  stream,  with  all  the  numerous  small 
branches,  will  have  to  be  followed  to  the  very  source,  and  almost  every 
ridge  and  i)rominent  peak  will  have  to  be  ascended  before  all  the  ob- 
scure points  can  be  made  clear.  It  is  one  of  the  most  interesting  regions 
in  the  entire  extent  of  the  Rocky  Mountains.  I  am  confident,  however, 
the  observations  made  during  the  season  of  1873  are  in  the  main  cor- 
rect, and  although  much  remains  yet  to  be  done,  future  observers  will 
find  but  few  errors  in  the  work  already  recorded. 
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Above  Gothic  MouutaiD,  at  tbe  head  of  Bast  River  and  on  the  same 
side  of  the  stream,  is  Slate  Mountain,  which  is  so  called  from  the  fact  that 
it  is  largely  composed  of  bluish  and  black  slates,  all  of  which  belong  to 
the  Cretaceous  formations.  At  the  base  of  the  mountain  the  quartzite 
of  No.  1  outcrops.  These  shales  prevail  toward  the  southwest  beyond 
Slate  River.  Bellevue  Mountain,  opposite  Slate  Mountain,  at  the  head 
of  East  River,  is  similar  in  its  comi)Osition. 

From  East  River  we  crossed  to  the  head  of  Rock  Creek,  which  is  one 
of  the  branches  of  Roaring  Fork,  which  it  joins  below  Sopris  Peak. 

On  Rock  Creek,  as  I  have  already  intimated,  and  as  is  shown  in  Fig. 
2,  Plate  XVIII,  the  beds  are  again  inverted  on  the  east  side.  The  in- 
vestigation of  the  beds  on  the  west  side  of  the  creek  had  to  be  left  to 
the  explorations  of  the  next  season. 

The  following  section  was  made  a  few  miles  down  the  creek  on  the 
east  side,  and  is  in  ascending  order : 

Section  No.  27. 

1.  Reaching  from  the  bed  of  the  creek  up  on  the  hill  to  the  point  a 
in  Fig.  2,  Plate  XVIII,  we  have  a  space  filled  in  with  limestones 
and  black  shales. 

a.  2.  Very  hard  calcareous  black  shales,  breaking  into  lamina;  of  about 

J  of  an  inch,  44  feet.  7  inches. 

3.  Argillaceous  sandstone,  in  placet}  very  shaly,  89  feet  2  inches. 

4.  White  limestone,  breaking  into  laminse  of  about  i  of  an  inch  thick- 

ness,  6  feet. 

5.  Blaek  argillaceous  shales,  with  interlaminated  bands  of  hard  sand- 

stone, 191  feet  3  inches. 

6.  Space  of  which  the  upper  part  is  probably  filled  with  white  sand- 

stone, and  the  lower  part  with  alternate  sandstones  and  black 
shales,  213  feet. 

7.  Bluish  shaly  sandstone,  weathering  a  rusty  color,  8  feet. 

8.  Rusty-colored  calcareous  sandstone,  15  feet  10  inches. 

9.  Bluish  calcareous  sandstone,  4  feet. 

b.  10.  Tellowish-white  sandstone,  containing  impressions  of  leaves,  82 

feet  8  inches. 

11.  Shaly  sandstones,  with   included   hard  bands.    The  lower  beds 

are  rusty-colored  and  the  upper  ones  greenish ;  45  feet  4  inches. 

12.  Space,  the  bottom  of  which  is  probably  filled  with  shales,  gradu- 

ally giving  place  to  limestone.  At  tiie  top  there  is  an  outcrop 
of  blue  limestone,  having  near  the  upper  part  a  baud  of  green- 
ish shale ;  90  feet  3  inches. 

13.  Yellowish  sandstone,  with  bands  of  light  blue  limestone,  36  feet 

3  inches. 

14.  Space,  in  which,  as  indicated,  there  are  coarse  red  and  gray  lam- 

inated sandstones,  83  feet  10  inches. 

15.  Coarse  purplish  conglomeritic  sandstone,  12  feet. 

16.  Rather  fine  variegated  sandstone. 

17.  Purplish  conglomerate. 

c.  18.  Space  filled  with  alternations  of  conglomerates  and  fine  shaly 

sandstones.    The  general  color  is  a  reddish -streaked  and  mot- 
tled with  gray.    On  top  there  are  some  white  beds,  which,  from 
a  distance,  I  took  to  be  limestones. 
I  was  unable  to  determine  the  exact  thickness  of  the  last  beds  in  the 
section.    Above  them,  there  is  but  little  doubt  that  all  the  beds  reach- 
ing through  the  Carboniferous  to  the  base  of  the  Silurian  are  present. 
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The  dip  is  north  55°  east.  At  the  point  a  in  the  illustration  (Fi^.  2, 
Plate  XVIII)  the  angle  of  inclination  is  58©,  and  at  b  it  is  35o.  Bed 
No.  10,  in  section  No.  27,  is  the  sandstone  of  "  No.  1  Cretaceous,"  and  in  it 
Mr.  Holmes  found  some  fragments  of  leaves,  none,  however,  very  dis- 
tinct, but  sufficient  with  the  lithological  characters  to  identify  the  bed. 
The  layers  just  above  should  probably  be  referred  to  the  Jurassic.  Fig.  2, 
Plate  XVIII,  represents  a  section  through  the  Elk  Mountains,  near 
the  head  of  Kock  Creek.  Section  No.  27  was  made  from  a  to  c. 
Whether  the  line  of  junction  is  exactly  as  represented  at  d  in  the 
illustration  cannot  be  definitely  determined  until  the  line  shall  have  been 
followed  througfhout  its  entire  (extent.  The  granite  probably  makes  its 
appearance  in  places  along  this  line.  On  the  ejistern  branch  of  Rock  Creek, 
(e  in  the  figure,)  which  is  in  part  of  its  course  parallel  to  the  main  stream, 
the  Carboniferous  or  Permo-carboniferous  rocksare  exposed  at  thebottom 
of  the  valley,  and  above  them  forming  high  bluflf-like  walls.  On  either 
side  are  red  sandstones  dipping  north  of  east.  Near  its  head  the  main 
branch  of  Rock  Creek  turns  to  the  west,  and  at  this  point  the  dip  of 
the  rocks  also  changes.  On  the  north  and  west  side  of  the  creek,  in  the 
space  formed  by  this  turn,  is  Treasury  Mountain,  so  named  t'vom  the 
discovery  there  of  lodes  of  silver-bearing  galena.  At  the  south  end  of 
the  mountain  the  dip  of  the  sedimentary  beds  is  south  5^  east,  and  the 
angle  of  inclination  is  about  12^.  As  we  follow  the  course  of  the  creek 
the  dip  changes  as  the  creek  turns,  and  on  the  west  side  it  is  east  of 
north.  Ti'easury  Mountain  is  composed  mainly  of  cretaceous  shales. 
Toward  the  west  there  are  gypsiferous  beds.  At  the  imiiit  where  the 
mines  are  situated,  black  shales  containing  quantities  of  Inoceraml  pre- 
vail. They  are  all  very  much  changed,  probably  by  the  intrusion  of  the 
metaliferous  lodes.  The  latter  are  described  in  Dr.  Endlich's  report.* 
On  the  east  side  of  the  creek,  opposite  Treasury  Mountain,  there 
seems  to  be  either  a  bend  or  a  fault  in  the  Cretaceous  beds:  the 
shales  at  one  place  appear  to  dip  toward  the  northwest.  I  did  not 
have  time  to  investigate  it,  but  I  am  inclined  to  regard  it  as  merely 
local.  As  we  go  down  the  creek  the  beds  on  the  right  side  still  occupy 
an  inverted  position.  Just  below  the  mouth  of  the  eastern  branch  of 
Rock  Creek,  it  enters  a  deep  canon.  Here,  below  the  cretaceous  rocks, 
the  older  formations,  at  least  as  far  as  the  Carboniferous,  are  exposed, 
as  shown  at  a  in  Fig.  3,  Plate  XVIII.  Following  the  eastern  bmnch  we 
cross  the  No.  1  Cretaceous  twice.  The  second  time  the  bed  is  inverted, 
as  above  it  wo  find  the  older  beds,  which  are  beautifully  shown  on  both 
sides  of  the  deej)  gorge-like  valley,  dipping  toward  the  northeast  at  an 
angle  of  from  50^  to  00^.  There  is,  therefore,  probably  a  fold  as  indi- 
cated in  the  illustration.  In  the  cretaceous  rocks  at  2»  a  dike  outcrops. 
The  creek,  as  it  flows  over  the  edges  of  the  cretaceous  rocks,  does  so  in 
a  series  of  beautiful  cascades  and  falls.  As  we  continue  up  creek  the 
beds  become  more  and  more  horizontal,  until  the3'd]p  slightly  in  the  op- 
l>osite  direction,  an<l  we  have  a  synclinal  fold,  the  center  of  which  is 
tilled  with  Silurian  beds,  for  the  layers  are  still  inverted.  The  ends  of 
these  beds,  c,  seem  to  have  been  broken  away  from  those  which  outcrop 
in  the  caiion  at  a.    We  next  cross  a  comparatively  narrow  belt  of  gran- 

*  Mr.  R.  A.  Kirkcr,  who  is  iutcrestetl  in  the  miuets  here,  showed  me  specimens  of  coal 
found  in  this  region.  He  did  not  disclose  the  locality,  and  I  did  not  discover  it.  From 
his  description  ef  it,  however,  I  jnd^e  it  occurs  in  the  Cretacoous  rocks  that  prevail 
ubont  the  heads  of  Slate  River,  Washington  Gulch,  and  East  River.  In  appearance 
these  specimens  approach  autliracite  more  closely  than  any  other  coal  I  have  seen  in 
the  West ;  how  closely,  an  analysis  will  have  to  prove.  It  has  a  luster  like  anthracite; 
and  is  very  hard.  I  think,  however,  that  it  is  only  an  altered  Cretaoeous  coal.  I 
judge  it  to  oe  of  exceUeot  quality. 
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ite,  J,  similar  to  that  of  White  Eock  Mountain.  Its  direction  as  it 
crosses  tlie  creek  is  northwest  and  southeast.  It  is  the  south  extension 
of  an  island-like  area  of  granite  like  that  of  White  Rock  and  Italia. 
Snow-Mass  Mountain  and  Capitol  Peak  are  two  of  the  principal  high 
points  in  this  area.  On  the  northeastern  side  of  this  belt  (at  e  in  the 
illustration)  the  Silurian  beds  are  seen  resting  on  the  granite,  and  above 
are  the  Carboniferous  and  Triassic  formations.  Here  there  is  a  turn  in 
the  course  of  the  creek.  Above  the  granite  belt  it  follows  the  strike  of 
the  sedimentary  rocks.  It  is  this  part  of  its  course  that  is  parallel  to 
the  main  stream,  from  which  it  is  separated  by  two  ridges,  c  and/,  Fig. 
2,  Plate  XVIII.  The  first  one,/,  is  composed  mainly  of  red  sandstones 
and  conglomerates,  probably  of  Permo-carboniferous  age,  or  possibly  in 
part  Triassic.  Section  27  was  made  on  the  western  side  of  the  second 
ridge,  (e  in  the  illustration.)  The  creek  rises  in  an  amphitheater  between 
Station  £,  or  Maroon  Mountain,  and  another  high  point  of  similar  for- 
mation. On  the  eastern  side  of  the  valley  is  a  high  bliiff-like  wall  com- 
posed of  red  saudstoues  and  conglomerates,  the  latter  prevailing  toward 
the  base  of  the  cliff.  The  general  dip  is  toward  the  northeast,  at  an 
angle  of  about  20°.  There  is  also  a  slight  curve  on  the  face  of  the  wall 
along  the  strike  of  the  beds.  As  we  go  toward  Maroon  Mountain  the 
bright  red  sandstones  become  darker.  Maroon  Mountain  derives  its  name 
from  the  color  of  its  rocks.  We  did  not  ascend  it,  but  made  a  station  on 
a  high  point  a  short  distance  south  of  it.  Here  the  rooks  are  mostly 
sandstones  and  conglomerates,  a  thin  bed  of  gray  limestone  now  and  then 
appearing  toward  the  base  of  the  station.  The  sandstones  are  intersected 
by  numerous  dikes,  which  are  probably  connected  with  the  main  mass 
of  granite.  This  may  account  for  the  changes  in  color  and  structure  that 
we  notice  in  the  sandstones.  All  the  dikes  are  irregular.  A  prominent 
one  intersects  Maroon  Mountain,  and  another  the  ridge  that  rises  toward 
it.  East  of  Maroon  Mountain  is  a  dike,  which  is  probably  the  southern 
extension  of  the  largo  dike  seen  east  of  Snow-Mass  Mountain,  and  to 
which  I  shall  refer  again.  It  is  only  near  the  base  of  Station  76  that 
we  find  any  limestone.  On  the  summit  the  beds  are  brownish,  becoming 
red  as  we  go  down.  These  beds  are  also,  for  the  most  part,  finer  grained. 
In  some  places  there  are  circular  spots  resembling  sections  of  concretions. 
They  are  generally  white  or  light  yellow,  and  sometimes  have  a  black 
central  jmiut.  Near  the  base  of  the  hill  are  also  greenish  shales.  The 
beds  exposed  along  the  creek  at  the  bottom  of  the  caiion  are  probably 
of  Carboniferous  age,  while  those  on  the  summit  of  the  ridge  should 
perhaps  be  referred  to  the  Triassic.  Ou  tiie  southwest  face  of  White 
House,  or  Snow-Mass  Mountain,  a  small  branch  of  Eock  Creek  rises. 
It  soon  expands  into  a  beautiful  lake,  to  which  the  name  of  Elk  Lake 
has  been  given.  A  short  distance  below  the  lake,  the  creek  falls  over 
the  edges  of  the  stratified  rocks  to  the  level  of  the  main  creek,  a  vertical 
distance  of  1,102  feet.  It  falls  over  these  rocks  in  two  falls  or  cascades, 
the  white  foaming  belt  of  water  contrasting  with  the  bright-red  con- 
glomerates and  sandstoTies.  Snow  Mass  Peak  is  13,785  feet  in  height, 
and  is  made  up  of  a  light-colored  granite,  such  as  we  saw  on  White 
Bock  and  on  Italia.  Southwest  of  the  peak,  at  the  head  of  the  creek 
flowing  into  Elk  Lake,  there  seems  to  be  a  dike  in  the  granite.  First 
is  a  band  of  very  fine-grained  dark  rock,  with  seams  of  white  feldspar. 
It  is  about  100  feet  in  thickness,  and  its  direction  is  about  due  north- 
west and  southeast.  Just  below  it  is  a  band  about  3  feet  thick,  of  a 
green  rock,  the  color  of  which  is  probably  du6  to  iron.  This  is  prob- 
ably dioritic.  Next  to  it  is  about  4  feet  of  the  same  rock  that  we  saw  first. 
It  is  followed  by  about  50  feet  of  a  porphyritio  rock,  with  a  green  matrix 
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coiitaiDing  granitic  pebble?,  some  of  which  are  quite  large.  I  have  already 
referred  to  the  fact  that  Snow  Mass  Mountain  and  Capitol  Peak  are  situ- 
ated in  an  eruptive  center  that  is  distinct  from  the  one  in  which  AVhite 
Eock  and  Italia  are  included.  The  latter  is  more  extensive  and  also  more 
irregular  in  shape.  The  amphitheater,  on  the  eastern  face  of  Snow  !Mas8, 
contains  an  extensive  snow-field,  the  largest  I  have  ever  seen  on  any  peak 
in  the  Rocky  Mountains.  It  is  from  this  snow-field  that  the  mountain  was 
named.  To  the  northeast  of  Snow  Mass,  on  the  east  side  of  Snow  Mass 
Greek,  is  a  high,  bluff-like  wall,  which  mustbe  between  1,500 and  2,000  feet 
high.  The  most  remarkable  feature  in  this  wall  is  an  immense  bed  of 
eruptive  rock,  probably  gi'anite.  At  the  base  of  the  bluff,  just  above 
the  bed  of  the  creek,  are  exposures  of  beds  that  from  a  distance  I 
judged  to  bo  Silurian.  Fragments  of  these  beds  are  also  seen  on  the 
opposite  side  of  the  creek  resting  on  the  granite.  The  dike  is.  about 
600  or  800  feet  in  thickness,  and  has  just  below  it  what  I  think  are  Car- 
boniferous be<ls,  although  on  this  point  I  cannot  be  certain,  as  they  may 
be  Triassic.  Above  the  dike  in  some  places  is  a  capping  of  red  sand- 
stone. This  has  been  removed  in  other  phices  by  erosion.  As  we  go 
southeast  along  the  ridge  the  dike  diminishes  in  thickness.  Tiie  dike 
I  referred  to  as  extending  back  of  Maroon  Mountain  is  i)robably  an  ex- 
tension of  this  one.  In  the  latter  place,  however,  its  dimensions  are 
much  smaller.  To  prove  that  they  are  the  same  the  line  would  have  to 
be  followed.  There  are  a  great  many  of  these  dikes  in  the  sedimentary 
beds  dipping  away  from  the  granite.  The  large  one  just  referred  to, 
and  shown  in  the  illustration,  is  very  easily  exxilained.  In  the  upheaval 
of  the  granite  the  sedimentary  beds  were  of  course  broken  tlirough, 
and  whei*ever  there  was  no  resistance  the  melted  material  intruded 
itself.  The  planes  of  stratification  afforded  jioints  of  weak  resistance, 
and  the  beds  were  forced  apart.  Subsequent  erosion,  effected  both  by 
water  and  by  ice,  has  carried  away  so  much  material  that  the  connec- 
tion with  the  main  mass  has  been  cut  across,  and  we  have  at  present  the 
api)earance  as  seen  in  the  illustration.  To  fully  investigate  and  work 
up  in  detail  all  of  these  dikes  would  require  that  each  one  be  followed 
throughout  its  whole  extcMit.  Some  of  them  would  probably  bo  proved 
to  be  trachytic,  but  1  am  of  the  opinion  that  if  they  could  be  traced  to 
the  granite  they  would  be  seen  to  grade  impercei)tibly  into  it.  I  think 
the  entire  mass  of  granite  in  the  Elk  Mountain  district  has  be(Mi  in 
either  a  plastic  or  a  melted  condition,  and  that  the  granite  is  eruptive. 
It  is  a  (piestion  whether  or  not  it  is  remelted  metamorphic  rock.  The 
future  will  have  to  decide  this  point.  The  elevation  of  the  range  was 
l^ost-Cretaceous.  The  erosion  since  its  ele^'ation  has  been  enormous. 
The  different  peaks  are  connected  by  sharp,  semicircular  ridges,  each 
the  ruin  of  a  huge  amphitheater,  in  the  center  of  which  the  granite 
appears.  On  some  of  these  ridges  the  sedimentary  beds  form  a  capping. 
The  occurrence  of  these  sharp  ridges,  high  ])eaks,  and  these  huge  anqihi- 
theaters,  renders  traveling  in  the  heart  of  the  Klk  Mountains  extremely 
rough.    All  the  peaks  are  somewhat  difticult  of  ascent. 

Looking  northeast  from  Snow  Mass  Mountain,  on  the  ridge  beyond 
the  on(^  in  which  the  dike  is  seen,  cappings  of  light  (colored  beds  a]>]>ear 
along  the  summit.  These  are  probably  a  portion  of  the  ('retaceous  beds 
that  slope  from  the  Elk  Mountains  toward  the  valley  of  Koaring  Eork. 
They  will  be  referred  to  again  in  a  subsequent  portion  of  the  (•hai)ter. 
Capitol  Peak  is  about  three  miles  from  Snow  Mass,  and  has  an  (»levation 
of  13,810  feet.  Judging  from  its  appearance,  as  seen  from  Snow  Mass, 
it  is  similar  in  structure.  West  and  southwest  are  the  inverted  beds 
shown  at /in  Fig.  3,  Plate  XVIII.    Northwest  of  the  peak  the  relations 
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of  tbe  beds  are  as  ^hown  in  the  section  from  Capitol  to  Sopris  Peak, 
Fiff.  1,  Plate  XX. 

Leaving  Rock  Creek  we  proceeded  down  East  lliver  to  Cement  Creek, 
aud  then  crossed  to  the  Gunnison,  which  we  followed  to  one  of  its  sources, 
and  then  crossed  to  the  head  of  Difficult  Creek,  one  of  the  branches  of 
Roaring  Fork.  The  divide  between  this  creek  and  the  Gunnison  where 
we  crossed  it  was  11,019  feet  above  sea-level.  The  rocks  here,  which  are 
all  granitic  and  gneissic,  were  referred  to  in  the  preceding  chapter.  On 
one  of  the  stations  (76)  near  the  head  of  the  creek,  I  found  fair  si>ecimeu8 
of  rose  quartz.  Tlie  view  from  this  station  looking  westward  was  ex- 
tremely fine.  In  the  foreground  we  had  the  low  ridges,  heavily  tim- 
bered with  dark-green  pines,  beyond  aud  above  which  the  mass  of 
mountains  about  Castle  Pejik  towered,  their  somber  blackness  relieved 
by  patches  of  snow.  To  the  right  aud  nearer  us  the  dark  colors  changed 
to  a  deep  orange,  streaked  by  light  gray  wherever  there  were  slides  of 
rock.  Still  more  to  the  right  we  hjwi  the  red  sandstones,  their  bright 
color  contrasted  with  the  grassy  slopes  on  the  rounded  hills.  Beyond  and 
reaching  high  above,  bathed  in  sunlight,  stood  the  Capitol  and  Snow  Mass 
Mountains,  their  immense  snow-fields  glistening  with  silvery  brilliancy. 
To  the  right  of  the  Capitol  is  a  prominent  i>oint  seen  from  all  part«  of  the 
Roaring  Fork  Valley.  It  is  noticeable  for  a  bright  yellowish  band  which 
is  distinctly  outlined  in  its  face,  like  the  band  on  an  escutcheon.  It  may 
be  a  dike.  We  did  not  have  time  to  visit  the  peak  to  determine  to  what 
the  appearance  is  due.  The  creek  we  followed  to  the  main  Roaring  Fork 
is  densely  timbered,  and  just  before  reaching  the  main  stream  plunges 
abruptly  down  a  steep  hill  about  1,000  feet  in  height.  Here  we  had  to 
work  about  six  hours  in  order  to  get  our  train  down.  One  thing  par- 
ticularly noticeable  when  we  reached  Roaring  Fork  was  the  change  in 
the  vegetation.  On  the  Gunnison  we  had  seen  but  little  in  the  way  of 
vegetation  besides  the  sage-brush,  {Artemma.)  On  Roaring  Fork,  how- 
ever, we  found  a  profusion,  among  which  we  noticed  the  scrub-oak, 
{Querctis  alha^)  a  willow,  (Sali^j)  two  species  of  raspberry,  {Ruhus  deli- 
cioHU^  an<>i?.  strigosus^)  the  servico-beiTy,  (Amelanchi^  canadensis^)  the 
common  currant,  (Ribes  ruhrum^)  and  the  common  wild  rose,  {Rosa  hlanda,) 
The  upper  part  of  Roaring  Fork  is  in  cailon,  emerging  from  which  the 
stream  flows  through  a  valley  that  gradually  increases  in  width,  and  is 
filled  with  drift  that  has  been  carried  down  by  the  water.  Above  Cas- 
tle Creek  this  drift  is  made  uj)  principally  of  granitic  boulders.  Castle 
Creek  is  the  first  large  creek  coming  into  Roaring  Fork  from  the  left  side. 
It  drains  the  east  side  of  Castle  Mountain,  one  branch  also  heading  on 
the  west  side  of  the  peak.  All  the  branches  have  cut  deeply  into  the  red 
sandstones  exposing  the  carboniferous  layers  below.  A  short  distance 
above  the  mouth  of  Castle  Creek  Hunter's  Creek  comes  in  from  the 
east.  It  is  here  that  we  first  meet  with  the  stratified  rocks.  The  Silu- 
rian quartzites  cross  the  main  stream,  and  the  line  of  outcrop  extends 
up  Castle  Creek.  On  the  east  side  the  dip  seems  to  be  north  3oo  west, 
angle  25^  to  30o.  On  the  other  side  the  beds  are  more  highly  inclined, 
and  dip  in  about  the  same  direction  50^.  From  this  point  \he  valley 
widens,  and  is  covered  with  an  extensive  deposit  of  drift,  a  large  portion 
of  which  was  probably  derived  from  the  Elk  Mountains.  Indeed,  this 
is  shown  by  the  great  quantities  of  red  sandstone  boulders  in  the  bed  of 
the  stream.  This  deposit  is  cut  into  terraces  by  Roaring  Fork,  and  all 
the  branches  coming  in  from  the  southwest.  The  terrace  on  the  right 
side  of  Castle  Creek  is  130  feet  in  height.  On  the  opposite  side  it  is 
about  210  feet  in  height.  The  next  creek  below  Castle  Creek,  Maroon 
Creek,  is  also  large,  and  drains  the  portion  of  the  Elk  Mountains  east 
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of  Maroon  Moantaio.  The  profile  across  this  creek  is  shown  in  Fig.  1, 
Plate  XIX.  Here  on  the  right  side  we  have  three  steps,  the  first,  a, 
being  15  feet;  the  second,  6,  35  feet;  and  the  third,  c,  SQ  feet.  The 
latter  is  about  4  feet  above  the  level  of  the  ^stream.  The  tops  of  the 
upper  terraces  seem  to  have  a  general  level,  and  are  overgrown  with 
sage-brush.  iUong  the  streams  at  the  bottom  of  the  small  canons  there 
is  a  growth  of  aspens  and  pines.  Between  the  mouth  of  Maroon  Creek 
and  Eoaring  Fork  there  is  a  conical-shaped  butte  that  rises  about  350 
feet  above  the  general  level.  This  is  represented  at  A  in  Fig.  1,  Plate 
XIX.  The  following  section  was  made  here  from  the  point  d  in  descend- 
ing order : 

Section  No.  28. 

d,  1.  Soft  fine-grained  yellow  sandstone.     At  the  south  end  of  the 

butte  there  are  two  small  faults  in  this  bed  and  in  the  bed  next 
below ;  thickness,  about  20  feet. 

2.  Red  sandstones.    The  upper  portion  very  hard,  becoming  softer 

and  shaly  as  we  go  down.  They  become  greenish  also  as  we  de- 
scend ;  thickness,  40  feet  2  inches. 

3.  Very  hard  greenish  gray  calcareous  sandstone,  with  calcite  dis- 

tributed through  it;  thickness,  18  inches. 

4.  Fine  red  shales,  with  a  band  of  hard  sandstone  in  the  center,  1 

foot^ 

5.  Sandstone,  with  a  band  of  shales  1  inch  in  thickness,  12  feet  6 

inches. 
G.  Very  fine  deeprred  shales  breaking  into  very  small  pieces,  and 
having  interlaminated  bands  of  hard  sandstone  each  about  1  inch 
in  thickness,  8  feet. 

7.  Coarse  pink  sandstone,  shaly  in  places  and  conglomeritic  at  top, 

15  feet. 

8.  Coarse  pink  shaly  sandstone,  6  feet. 

9.  Coarse  pink  conglomeritic  sandstone,  like  ^o.  7,  but  not  quite  so 

coarstvgrained.  The  pebbles  and  matrix  are  both  siliceous,  25 
feet. 

10.  Irregular  purplish  limestone,  very  coarse,  with  shales,  8  feet. 

11.  Shaly  sandstones,  10  feet  6  inches. 

12.  Coarse  irregular  purplish  limestone,  resembling  a  conglomerate. 

There  is  about  5  feet  of  this  and  then  1  inch  of  green  shale,  be- 
low which  we  have  a  bed  of  the  limestone  in  structure  like  the 
upper  part,  but  of  brick-red  color ;  total  thickness,  8  feet. 

13.  Limestone  conglomerate,  with  masses  of  purplish  blue  limestone, 

varying  from  1  to  4  inches  iu  diameter,  4  feet. 

14.  Irregular  brick-red  calcareous  sandstone,  with  cross  fracture.    In 

some  places  there  are  greenish  bands,  40  feet. 

15.  Coarse  brick-red  sandstone  with  cross  fracture,  5  feet.    - 

16.  Fine-grained  red  sandstone,  5  feet. 

17.  Limestone  conglomerate,  like  No.  13,  8  feet. 

18.  Irregular  brick-red  sandstones,  21  feet  8  inches. 

19.  lied  sandstones,  compact  above,  becoming  irregular  and  mot- 

tled toward  thecenter,and  compactbelow  again,  84  feetlOinches. 

e.  20.  Compact  fine-grained  yellow  sandstone,  77  feet  7  inches. 

21.  Blue  limestones,  with  interlaminated  shales.    The  limestone  is  in 

beds  about  2  feet  each  in  thickness,  while  the  limestone  varies 
from  2  to  5  feet ;  155  feet. 

22.  Space  reaching  to  base  of  hill,  155  ftK^t. 

Below  these  beds,  on  a  ridge  between  the  mouth  of  the  creek  and 
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Eoaring  Fork,  other  beds  are  exposed.  Here  Mr.  Taggart  made  tbe 
following  section.  The  beds  would  be  represented  under  the  drift  at  the 
point /in  tbe  illustration.  (Fig.  1,  Plate  XIX.)  The  beds  seem  to  be 
conformable,  all  dipping  about  40^  to  5(P  north,  45^  east: 

Section  A"o.  29. 

In  ascending  order,  by  Mr.  Taggart : 

1.  Blue  limestone,  20  to  30  feet. 

2.  Gray  compact  fine-grained  sandstone,  10  feet. 

3.  Gomp^t  fine-grained  blue  limestone,  50  feet. 

4.  Fine-grained  sandstone,  6  to  8  feiet. 

5.  Space  covered  with  debris,  150  feet. 

6.  Brown  sandstone,  2  feet. 

7.  Brown  shales,  10  feet. 

8.  Fine  gray  compact  sandstones,  with  small  quartz  x>ebbles,  150  feet. 
\)f  Dark  shales,  very  much  broken,  200  feet. 

10.  Space  probably  filled  with  shales,  200  feet. 

11.  Brown  limestone  and  shales,  alternating,  in  beds  from  1  to  2  feet 

in  thickness,  and  containing  fossils;  total  thickness,  30  feet. 

12.  Blue  limestone,  with  interlaminated  shales,  150  feet. 

This  is  as  far  as  Mr.  Taggart  was  able  to  carry  the  section.  Bed  No. 
12  corresponds  with  No.  21  of  section  28.  When  we  cross  to  the  east  side 
of  Roaring  Fork,  the  beds  on  the  hills  are  very  much  obscured.  Enough 
is  seen,  however,  to  warrant  the  conclusion  that  near  the  base  of  the 
hills,  <;,  are  yellowish  sandstones  and  shales.  Above  these  are  outcrops 
of  red  sandstones,  hy  dipping  north  15°  east,  and  inclining  50^.  I  am 
not  satisfied  as  to  the  age  of  these  beds,  although  I  think  it  is  probable 
that  they  are  either  Carboniferous  or  Permo-carboniferous.  The  beds 
given  in  Mr.  Taggart's  section  dip  conformably  beneath  those  given  in 
section  No.  28.  They  are  undoubtedly  Cretaceous,  as  proved  by  the  fossils 
he  obtained.  Bed  No.  20,  in  section  No.  28,  is  probably  No.  1  Cretaceous. 
There  would  seem,  therefore,  to  be  an  inversion  of  beds  here,  although 
it  is  difficult  to  imagine  what  should  cause  it.  I  was  unable  in  the  short 
time  at  my  disposal  to  determine  accurately  the  relations  of  these  beds 
shown  in  the  bntte  to  those  skirting  the  Elk  Mountain  range  on  the 
northeast.  Crossing  to  the  opposite  side  of  the  valley,  the  Cretaceous 
beds  are  seen  dipping  to  the  northwest.  The  line  of  outcrop  follows 
the  course  of  the  western  branch  of  Maroon  Creek,  and  then  turns  to 
the  northwest  along  the  edge  of  the  eruptive  area  about  Snow  Mass 
and  the  Capitol,  and  continues  across  toward  Sopris  Peak.  Tlie  dip 
seems  to  change  also,  being  at  first  northwest  and  gradually  changing 
to  the  northeast.  At  the  points  i  and  j,  in  the  illustration.  Fig.  1,  Plate 
XIX,  we  have  two  benches,  with  a  gradual  slope  toward  the  northwest. 
They  are  covered  in  part  with  a  growth  of  asjwus,  and  strewn  over  the 
surface  are  numerous  granite  boulders  of  all  sizes.  These  benches,  I 
think,  must  mark  the  old  courses  of  Hunter's  Creek,  that  joins  Boaring 
Fork  above  the  mouth  of  Castle  Creek  coming  in  from  the  east.  They 
curve  toward  the  present  bed  of  the  stream.  About  two  miles  below 
the  butte  through  which  the  section  given  above  was  made,  the  river 
cuts  through  the  Cretaceous  beds,  leaving  a  high  blnft*  on  the  west  side 
in  which  the  beds  are  inclined  at  an  angle  of  15°  to  20^.  Opposite  these 
blutt's  is  a  level  valley  filled  with  drift,  which  reaches  to  Cretaceous 
bluffs  on  the  east  side.  The  river  cuts  it«  way  deeply  into  this  drift, 
which  is  underlaid  by  Cretaceous  rocks,  as  is  shown  by  several  expo- 
sures along  the  course  of  the  river  higher  up  stream  on  the  east  side,  just 
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below  the  butte.  Beyond  the  Cretaceous  beds  on  the  east  side  of  the 
river,  which  are,  I  think,  at  this  place  right  side  up,  there  are  ex- 
posures of  red-beds,  which  I  did  not  have  time  to  visit.  About  eleven 
miles  farther  down  stream.  Snow  MaBS  Creek  comes  into  Roaring  Fork 
from  the  southwest.  This  creek  has  two  large  branches,  one  of  which 
heads  near  Maroon  Mountain  and  Snow  Mass  Mountain,  while  the  other, 
Capitol  Creek,  rises  north  of  the  Capitol.  Opposite  the  mouth  of  the 
creek  there  is  a  hill  capped  with  a  volcanic  rock,  which  is  also  exposed 
on  the  southwest  side.  It  seems  to  be  trachytic  in  character.  A  simi- 
lar hill  stands  near  the  mouth  of  Frying-Pan  Creek  on  the  north  side. 
South  and  southwest  of  Eoaring  Fork  is  a  large  area  reaching  from  the 
river  to  the  Elk  Mountains,  covered  with  Cretaceous  rocks.  Fig.  2, 
Plate  XIX,  represents*  a  section  across  this  area.  At  the  point  a  the 
dip  is  south  or  a  little  east  of  south ;  angle  of  inclination  about  15^. 
At  the  base  of  the  hill  &,  on  the  creek  coming  £rom  Sopris  Peak,  ex- 
posed on  the  left  side,  is  a  sandstone  which  I  took  to  be  Cretaceous  No. 
1,  (Dakota  group,)  above  which  were  limestones  and  shales,  all  dipping 
west  of  north  at  an  angle  of  about  20^.  There  is,  therefore,  at  this 
place  a  synclinal  fold,  the  axis  of  which  is  northeast  and  southwest. 
At  the  point  c  there  is  a  second  fold  parallel  to  the  first.  The  Cretaceous 
area  extends  across  Koaring  Fork,  and  also  westward  around  the  end  of 
Sopris  Peak,  and  across  llock  Creek.  Opposite  the  mouth  of  Eock 
Creek,  on  the  east  side  of  Boarlng  Fork,  there  is  an  outcrop  of  red-beds 
below  the  Cretaceous.  I  think  the  section  between  Frying-Pan  Creek 
and  this  point  is  as  represented  in  Fig.  3,  Plate  XX.  Sopris  Creek, 
seen  from  a  distance,  has  a  rounded  outline.  It  is  composed  of  erup- 
tive granite,  and  is  tlie  center  of  the  third  eruptive  island  in  the  Elk 
Mountains.  On  the  southeast  side  we  have  chloritic  schists,  quartzites, 
and  sandstones,  all  very  much  metamorphosed.  These  beds  have  a  dip 
toward  the  Capitol.  In  them  I  found  the  following  minerals :  Hematite^ 
actinolite^  chlorite^  and  talc.  The  peak  is  12,246  feet  in  height.  Between 
the  Capitol  and  Sopris  we  have  a  fold  as  represented  in  Fig.  1 ,  PLate  XX,  the 
center  being  tilled  with  red-beds  that,  I  take  it,  belong  to  the  Triassic. 
There  is  not  only  a  fold  in  thisdirection,  but  also  east  and  west,  as  shown 
in  Fig.  2,  Plate  XX,  which  represents  a  section  through  the  range  at  right 
angles  to  the  section  in  Fig.  — .  To  the  westward  the  only  rocks  to  be  seen 
are  Cretaceous.  To  the  north  and  northwest  we  have  the  valley  of  Eoar- 
ing Fork  extending  to  the  Grand.  West  of  the  mouth  of  Kock  Creek 
there  are  some  comparatively  low  hills  in  which  there  are  exposures  of 
red-beds,  as  seen  from  the  summit  of  Sopris.  Leaving  Sopris  Peak,  we 
followed  Frying- Pap  Creek  to  its  head.  We  had  considerable  difficulty 
getting  up  the  creek,  as  it  is  in  caiion  the  greater  part  of  the  way.  The 
rocks  exposed  at  the  lower  part  are  all  red  sandstones,  dipping  a  few  de- 
grees east  of  north,  inclining  from  7°  to  10°.  About  ten  miles  from 
the  mouth  of  the  creek  we  reached  an  open  valley,  in  which  we  camped. 
Here,  on  the  northern  side  of  the  valley,  there  were  some  very  fine  cas- 
tellated forms  in  the  red  sandstones.  These  beds  dip  a  little  east  of 
north,  but  as  we  go  north  the  dip  changes  toward  the  south.  A  short 
distance  above  the  cami>  the  creek  is  again  in  caiion,  and  here  we  find 
the  dip  of  the  red-beds  is  west.  This  changes  to  southwest  as  we  fol- 
low the  outcrop.  Where  the  beds  cross  the  creek  we  have  a  deep  nar- 
row caiion  cut  through  tliem  at  right  angles  to  the  strike.  The  dip  of 
the  beds  is  south  60°  west,  and  the  angle  30^  to  50^.  The  outcrop 
forms  a  high  ridge  about  950  feet  above  the  level  of  the  valley  just 
above.    This  valley  is  comparatively  wide,  and  the  stream  flows  through 
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it  in  beautiful  curves.  On  the  north  side  we  have  very  extensive  de- 
posits of  gypsum,  which,  I  think,  occur  in  irregular  masses.  I  think 
they  are  in  rocks  of  Carboniferous  age.  North  of  Fryiug-Pan  Creek 
there  are  broad-topped  hills  reaching  just  above  timber-line,  in  which 
we  have  exposures  of  red  sandstones  dipping  a  few  degrees  west  of 
north.  A  section  made  from  these  hills  northward  is  shown  in  Fig.  3, 
Plate  XIX.  There  seems  to  be  a  series  of  faults.  The  section  was  made 
from  the  summit  of  the  red  hills  and  may,  perhaps,  have  to  be  modified 
in  some  of  its  details  when  the  region  shall  have  bee-n  more  closely 
studied  next  season.  Just  above  the  canon  on  Frying-Pan  Creek  there 
are  exposures  of  red  sandstones,  on  the  south  side  of  the  creek,  dipping 
nearly  west  at  an  agle  of  25°  to  40°.  These  be<l8  are,  I  think,  the  di- 
rect prolongation  of  those  seen  on  the  east  side  of  Roaring  Fork  near 
the  mouth  of  Castle  Creek.  The  gypsum-beds  extend  some  distance  up 
the  creek,  and  in  the  valley  there  are  several  cold  sulphur  springs.  The 
first  one  we  met  with  was  near  the  creek,  and  about  20  feet  by  30  feet, 
with  a  deposit  of  sulphur  at  the  bottom.  The  water  is  colder  than  the  air, 
and  tastes  of  the  suli^hur,  although  not  disagreeably.  The  next  spring  is 
about  three-quarters  of  a  mile'farther  up  the  stream,  and  is  much  smaller, 
being  only  about  4  feet  in  diameter.  The  water  here  is  also  cold,  and  has 
a  much  stronger  taste.  In  the  hills  on  the  north  side  there  are  outcrops  of 
blue  lamiuated  limestone  and  greenish  shales,  mostly  micaceous.  These 
I  believe  to  be  Carboniferous.  I  did  not  have  time  to  make  a  section. 
The  north  fork  of  Frying-Pan  Creek,  just  before  joining  the  main  stream, 
cuts  a  canon  in  a  blue  limestone,  in  which  I  found  some  corals.  These 
limestones,  I  think,  l)elong  to  the  base  of  the  Carboniferous.  They  dip 
a  few  degrees  west  of  north,  at  an  angle  of  20^.  Below  this  blue  lime- 
stone, which  is  exposed  on  both  sides  of  the  creek,  there  are  yellowish 
limestones,  followed  by  dark  limestones  that  are  cherty  and  have  frag- 
ments of  crinoidal  stems.  These  are  succeeded  by  very  compact  light- 
blue  limestones,  below  which  we  find  pink  and  white  quartzites,  which 
rest  immediately  on  the  schists.  On  the  north  fork,  for  a  short  distance 
above  the  small  canon,  to  which  I  have  just  referred,  there  is  an  open 
valley.  Above  this  valley,  the  stream  is  In  a  very  rugged  cafiou  in 
gnessic  rocks,  there  being  on  the  hills  exposures  of  sedimentary  rocks, 
dipping  west  of  north  at  an  angle  of  about  10^.  Just  below  the  canon 
there  is  a  small  creek  joining  the  North  Fork  on  the  west  side.  Here 
there  have  evidently  once  been  warm  springs,  from  the  abundance  of 
calcareous  tufa  seen  in  the  course  of  the  creek.  A  short  distance  up 
the  creek  there  is  a  low  bluff,  composed  almost  entirely  of  the  tufa. 
It  is  now  overgrown  by  low  bushes.  The  water  in  this  creek  has  an 
alkaline  taste.  In  the  rocks  that  wo  referred  to  in  the  preceding  chap- 
ter as  curving  around  the  end  of  the  Sawatch  range  north  of  the  Mount- 
ain of  the  Holy  Cross,  we  doubtless  have  the  continuation  of  those  seen 
crossing  Fryiug-Pan  Creek,  and  which  we  have  just  described.  In  the 
valley  of  Fryiug-Pan  Creek,  above  the  North  Fork,  we  have  no  sediment- 
ary beds,  except  those  just  mentioned.  The  valley  is  filled  with  bowlders 
of  a  granitic  porphyry,  exactly  like  that  seen  in  Lake  Creek  Caiion.  At 
Massive  Mountain,  northwest  of  which  the  creek  rises,  we  have  schists. 
These,  however,  were  described  in  the  previous  chapter.  From  t  he  head 
jof  Frj'ing-Pan  we  crossed  to  the  Arkansas  River,  and  visited  the  Holy 
'Cross  Mountain,  after  which  we  retraced  our  way  to  Colorado  Springs, 
and  thence  to  Denver.  The  facts  noticed  there  have  already  been  em- 
bodied in  the  report  We  reached  Denver  on  the  23d  of  October,  and 
there,  disbanded,  our  work  for  the  season  being  finished. 
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.      Ko.  1.— CATALOGUE  OF  MINEEALS. 

This  catalogue  includes  only  the  minerals  found  in  the  South  Park 

district.    I  am  indebted  to  Mr.  Peters,  of  Fair  Play,  for  those  marked 

with  an  asterisk.    ThQ  complete  catalogue  will  be  found  appended  to 

Dr.  Endlich's  report. 

Actinolite.    (See  Amphibole.) 

Agate.     (See  Quartz.) 

Alabandite*.    Massive  in  some  of  the  old  gold-mines  near  Quartzville. 

Amethyst.    (See  Quartz.) 

Amphibole.  Actinolite  on  Sopris  Peak;  hornblende  on  Sopris  Peak: 
in  schistose  rocks  near  Montgomery ;  in  trachytes  of  Buffalo  Peak  and 
the  south  end  of  South  Park. 

Anglesite.    Small  crystals  in  the  lead- mines  of  Ilorsoshoe  Mountain. 

Anhydrite.*    (Crystallized.)    At  the  salt-works  in  South  Park. 

Apatite.*     (Massive.)    In  schists  near  Mount  Lincoln. 

Argentite.*  (Amorphous  and  laminated.)  In  the  Silver  Star,  Moose, 
and  other  mines  of  Mount  Bross. 

Arsenopyrite.*    (Massive.)    In  Priest  Mine,  Mount  Bross. 

Aznrite.  Crater  Mountain.  In  mines  near  Fair  Play )  in  mines  in  Elk 
Mountain  district. 

Barite.  In  all  the  silver-mines  about  Fair  Play  forming  the  principal 
gangue.  It  is  both  massive  and  crystallized ;  at  Homestake  Mine  near 
Tennessee  Psiss. 

Basauite.    (See  Quartz.) 

Biotite.    (See  Mica.) 

Calcite.  Abundant  in  all  the  limestones  throughout  the  district;  yellow 
crystals  near  Cheyenne  Mountain ;  red  crystals  on  Mount  Bross ;  rhomb 
spar  at  Sulphur  Springs  in  South  Park  ;  fibrous  at  the  head  of  Trout 
Creek,  near  South  Park. 

Carnallite.*     {Crystallized.)    At  salt-works  in  South  Park. 

Cerargyrite.*  (Massive.)  In  small  quantity  in  the  Wade  Hampton 
mine.  The  Moose  and  other  mines  in  the  limestones  of  Mount  Bross 
carry  from  5  to  20  per  cent,  of  their  contents  in  the  shape  of  chloride 
invisible  to  the  eye. 

Cerrussite.  In  the  mines  in  the  Elk  Mountain  district  near  the  head  of 
Rock  Creek;  in  the  mines  of  Horseshoe  Mountain,  where  it  occurs 
abundantly ;  at  Homestake  Mine,  near  Tennessee  Pass. 

Chalcedony.    (See  Quartz.) 

Chalcopyrite.  In  the  mines  of  the  Elk  Mountain  district.  It  is  found 
also  in  all  the  gold  and  most  of  the  silver  mines  near  Fair  Play.  It 
is  the  richest  matrix  for  gold,  and  often  assays  $150  per  ton,  and  also 
6300  in  silver.  It  is  crystallized  and  massive,  and  often  iridescent  ;• 
at  Homestake  Mine,  Tennessee  Pass. 

Chlorite.     (See  Ripidolite.) 

Chromite.*    (Massive.)    On  Silver-Heels  Mountain. 

Coal.  At  Gfihrung's  Mine  on  Monument  Creek ;  twelve  miles  east  of 
Colerado  Springs,  northeast  of  Fair  Play ;  in  Elk  Mountains,  good 
quality. 

Cuprite.  In  minute  crystals  in  Sacramento  Gulch  and  in  the  Sweet- 
Home  Mine. 

Dolomite.  (Massive.)    In  limestones  in  canon  of  Four-Mile  Creek. 

Epidote.  Very  abundant  in  the  schists  in  the  foot-hill  range ;  on  the 
summit  of  Mount  Bross ;  in  Lake  Creek  Canon;  on  Massive  Mount- 
ain ;  at  the  head  of  Bock  Creek ;  at  the  Elk  Mountain  mines. 
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Feldspar.  lu  maDy  varieties  in  the  schists  near  Montgomery.*  Labra- 
dorite  iu  fine  crj^stals  near  Montgomery.*  Orthoclase^  flesh -red  in 
color,  from  the  foot-hill  range.  Good  crystals  of  pale  pink  color  in  the 
granites  of  the  Sawatch  range.  Atnozenstone^  good  crystals,  from 
Pike's  Peak  and  Cheyenne  Mountain.  Sanidine  in  the  trachytes  of 
South  Park  and  Buffalo  Peaks. 

Fluorite.*  Massive  and  crystallized,  pink  and  violet  colors,  from  Sweet- 
Home  mine. 

Garnet.  Iu  schists,  near  Montgomery. 

Galenite.  Kear  Silver  Heels,  above  Hamilton.  In  all  the  mines,  in 
limestones  and  sandstones,  near  Mount  Lincoln,  Mount  Bross,  and 
Horseshoe  Mountain,  assaying  from  $3  to  $200  per  ton  iu  silver,  and 
as  high  as  $120  in  gold.*  It  occurs  iu  simple  and  modified  cubes  and 
twins  at  the  Homestake  mine,  nea^  Tennessee  Pass ;  in  the  mines  of 
the  Elk  Mountain  district,  at  the  head  of  Empire  Gulch,  aud  Iowa 
Gulch.  ^ 

Graphite.*  In  limestones  on  Silver  Heels  Mountain,  containing  much 
iron  and  earthy  matter. 

Gold.  In  the  placer-mines  of  Tarryall  Creek ;  in  the  placer  aud  lead 
mines  near  Fair  Play;  occurring  iu  laminae,  flat  grains  and  shot-like, 
and  rarely  iu  imperfect  crystals;*  in  plates  and  laminae  at  the  Printer 
Boy  mine,  at  the  head  of  California  Gulch,  near  Ore  City ;  in  the 
placer-mines  of  Washington  Gulch,  iu  the  Elk  Mountains ;  iu  Union 
Park,  east  of  the  Gunnison  Eiver. 

Glaucouite.  Iu  the  Silurian  quartzites  in  Glen  Eyrie;  on  Trout  Creek; 
iu  Four-Mile  Creek  caHon,  and  ou  Eagle  Eiver. 

Gypsum.  Selenite  aud  satinspar.  At  Pleasant  Park,  on  Bear  Creek ;  on 
Camp  Ci*eek,  near  Glen  Eyrie;  at  the  saltworks  iu  South  Park ;  at 
the  head  of  Bock  Creek,  iu  the  Elk  Mouu tains.  At  all  these  localities 
it  occurs  amorphous,  generally  of  white  and  pink  colors.  At  the  salt- 
works there  is  a  black  variety. 

Halite.  Iu  the  sulphur  springs,  South  Park ;  in  the  springs  and  marshes 
at  the  salt-works  in  South  Park. 

Hematite.  Beaver  Creek,  near  the  Colorado  divide;  specular j  Philips 
mine  ;*  micaceous^  good  specimens,  ou  White  Eock  Mountains ;  on 
Sopris  Peak ;  fibrous  ou  Silver  Heels  Mountain  and  near  Hamilton ; 

.  argillaceous  in  the  mines  of  Elk  Mountain  district;  in  many  places  in 
South  Park. 

Hornblende.  (See  Amphibole.) 

Jamesonite,  Capillary.  At  the  Sweet  Home  mine,  Mount  Bross  mining 
district. 

Limonite.  Earthy  in  Tertiary  sandstones  along  the  east  range  of  mount- 
ains; near  the  coal-exposures,  twelve  miles  east  of  Colorado  Spriugs; 
extensive  beds  in  South  Park.* 

Labradorite.  (See  Feldspar.) 

Magnetite.  In  the  granites  in  foot-hill  range:  on  Tarryall  and  Michigan 
Creeks;  ou  Silver  Heels  Mouutains;  at  the  head  of  Lake  Creek  ;|at 
Snow  Mass  Mountain. 

Malachite.  On  Mount  Guyot ;  at  Sweet  Home  and  Baker  mines,  Mount 
Bross  mining  district ;  in  the  mines  of  Horseshoe  Mountain ;  in  mines 
of  Elk  Mountain  district. 

Marcasite,*  (cellular,)  Philips  mine.  Mount  Bross  mining  district. 

Melaconite,*  fi*om  the  Unknown  mine  of  Montgomery. 

Melanterite,  in  concretions  at  the  Sweet  Home  mine,  Mount  Bross  min- 
ing district. 

Mica,  very  abundant  and  of  many  varieties,  {biolite^   muscovite,  and 
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fihlogopiie^)  near  Mount  Lincoln  and  Mount  Bross,  especially  near 
the  junction  of  the  sandstones  and  schists  ]  hiolite  in  the  granites  of  the 
Elk  Mouut<ains  and  in  the  rocks  of  the  various  dikes  in  that  range ; 
muscorite  common  in  the  foot-hill  range,  along  Tarryall  Creek  and  in 
the  Sawatcli  range  5  brown  variety  on  Buffalo  Peaks ;  greeii  variety  in 
schists  east  of  Italia  Peak. 

Molybdenite,*  in  thread-like  veins  on  Silver  Heels  Mountain. 

Muscovite.    (See  Mica.) 

Obsidian,  on  Buffalo  Peaks  ^  chips  in  the  Arkansas  Valley  an^  in 
Union  Park. 

Orthoclase.    (See  Feldsjyar.) 

Phlogopite.    (See  Mica.) 

Prehnite,  in  clusters  of  small  crystals  in  trap  in  Mount  Bross  mining 
district. 

Pseudonialachite,  in  gray  argillaceous  slates  at  the  bend  of  the  Little 
Platte  River,  south  of  Fair  Play. 

Pyrite,  in  all  the  gold  and  silver  mines  of  Buckskin  Gulch,  invariably 
auriferous,  but  seldom  enough  to  be  valuable ;  massive  in  simple  cubes 
and  pyritohedrons;  (perfect  cubes  of  four  to  five  inches  are  found  in 
the  Philips  mine*,)  on  Italia  Mountain  in  small  octahedral  crystals 
near  the  base  of  Teocalli  Mountain ;  at  White  Kock  Mountain ;  in  the 
mines  of  the  Elk  Mountain ;  in  a  black  flinty  limestone  on  Eagle 
Eiver  opposite  Roches  Moutonn^s  Creek. 

Pyrolusite,*  massive  in  Buckskin  Gulch  and  on  Silver  Heels  Mountain. 

Pyroxene,  in  the  limestones  in  the  Mount  Bross  miuing  district. 

Qusirtz,  in  the  granites  of  the  foot-hill  range,  the  Sawatch  range,  and 
the  Elk  ^lountains.  BocJc  crystal,  in  the  granites  and  in  the  sandy 
debris  on  the  Colorado  divide ;  at  Pike's  Peak;  in  the  limestones  of 
Mount  Lincoln  and  Mount  Bross  and  Horseshoe  Mountain ;  in  the 
Cretaceous  shales  on  East  River ;  on  Massive  Mountjiin  ;  in  the  mines 
of  Elk  Mountain  district  at  head  of  Rock  Creek ;  on  Sopris  Peak ; 
Uomestake  mine  ncfir  Tennessee  Pass.  Amethystine,  on  Rock  Creek ; 
Itose,  near  the  head  of  Granite  Creek;  smoky  Oairngonustone ; 
on  the  Colorado  divide ;  on  Pike's  Peak ;  near  tlie  Platte  Canon 
in  fine  large  crystals ;  on  Massive  Mountain.  Millcy,  on  the  Colorado 
divide  in  canon  of  the  South  Platte;  near  Mount  Howard  on  Granite 
Creek ;  on  Massive  Mountain.  Chakedonyj  in  South  Park  east  of  Fair 
Play ;  near  Buffalo  Peaks ;  on  Frying- Pan  Creek ;  in  the  small  park 
at  the  head  of  Trout  Creek  near  the  salt-works  southwest  of  South 
Park.  Agate,  in  South  Park  on  Fryiug-Pan  Creek ;  in  the  Arkansas 
Valley  in  the  park  at  the  head  of  Trout  Creek ;  on  the  butto  east  of 
the  salt-works.  Basanite,  on  the  butte  east  of  the  salt-works  in 
South  Park.    Silicified  tcood^  at  petrified  stumps  near  Florissant. 

Rhodochrosite,*  (crystallized,)  in  the  gangue  of  the  Diadem  mjne. 
Buckskin  Gulch. 

Ripidolite,  on  Sopris  Peak,  near  Red  Rock  Pass,  at  the  head  of  Lake 
Creek. 

Rutile,*  in  veins  of  quartz  traversing  the  limestone  in  Ute  Pass. 

Sanidine.  (See  Feldspar.) 

Satin  spar.  (See  Gypsum.) 

Seleuite.  (See  Oypsum.) 

Siderite,*  (crystallized,)  at  the  Sweet  Home  mine  and  many  places  in 
South  Park. 

Silicified  wood.  (See  Quartz.) 

Silver,  (native,)  in  nuggets,  wire,  and  thin  scales  in  the  mines  around 
Fair   Play;  in  Washington  Gulch,  in  the  Elk  Mountains;  in  the 
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mibes  at  the  liend  of  JKock  Creek  in  the  Elk  Mountains ;  at  the  Home 

stake  mine,  near  Tennessee  Pafis. 
Sphalerite,*  in  large  quantities  in  the  Mosquito  gold  mines;  also  in 

some  of  the  silver  mines,  carrying  from  $10  to  8150  per  ton  in  silver: 

(some  specimens  contain  cadmium :  it  is  mostly  massive  and  highly 

ferruginous;)  at  the  Homestake  mine,  near  Tennessee  Pass. 
Stephauite,*  (crystallize<l  and  massive,)  in  the  Moose  and  other  mines 

in  the  Mount  Bross  mining  district. 
Sulphur,  in  the  springs  in  South  Park,  and  also  on  Frying-Pan  Creek. 
Talc,  on  Sopris  Peak. 

Tennantite,*  (crystallized,)  in  Buckskin  mining  district. 
Tetrahedritre,*  in  complicated  crystals  and  massive.    It  is  the  principal 

silver  ore  of  the  Buckskin  mines,  and  assays  from  $50  to  $300  per- 

ton. 
Tourmaline,  on  Italia  Peak ;  no  fine  doubly  terminated  crystals  in  the 

schists  near  Montgomery. 
Tufa,  (calcareous,)  on  Koaring  Pork ;  on  the  North  Fork  of  Frying-Pan 

Creek. 
Vesuviauite,  in  fine  crystals  on  Italia  Peak. 
WoUastonite,*  in  veins  traversing  the  lower  limestones  in  the  Mount 

Bross  mining  district. 
Zinkenite,*  in  minute  crystals  in  the  Sweet  Home  mine. 


No.  2.— CATALOGUE  OF  ROCKS. 

Catalogue  of  rocks  collected  by  A,  C,  Peale  and  W,  R.  Taggart, 


No. 


2 

3 
4 

5 
6 

U 
10 
11 
12 
13 
14 
15 
16 
17.18 
19.20 

23,24 
25 
26 
27 
28 
29 
30 

31-3:) 
34 
35 
3(1 
37 
3j* 
39 
40 
41 
42 
43 
44 


Name. 


Yellow  sandstoDo,  (Crotaccons  f) . 


Locality. 


Whit^  Bandatone,  (Crctaccoos  0 

Purplish  sandHtonc,  (CretaceooH  ?) 

Aronacooiin  limontonf ,  (Jnrassic  7) 

Brick 'roil  liiucstonti,  (JuroMUC  1) 

(imy  linio^tone,  foMiliferoas,  (Cretaceous  Na  3) 

Keil  I'eldRpathio  firauitc 

IUmI  Houdtttouo,  (Triackiic?) 

Gneiss 

Gy])8um 

I'liik  culi-arooiis  sandstono  h1)rIo,  (Juraseic) . . 

riuk  mottled  limestone.  (Jurassic) 

(1  ray  saudstoue,  (Tertiary) 

Pink  tracliyto 

Gray  trachyte 

Ft^rruKiDi^ous  sandstone 

GypsilVronB  sandstone,  (Jumsaic) 

G^vpsum,  (J urassic  ?) 

Pink  limestone 

Dark- green  sandst^iiic,  (Potsdam  ?) 

Ked  sandstone.  (Potsdam  /) 

Pinkish-<;ray  limestone,  (Silurian  f ) 

G  ranite 

(ioeiss 

Granite r 

Trachyte 

Argilluceous  shale,  (Tertiary) 

Coarse  sandstone,  (Tertiary) 

Couclomeritio  sandstone,  ('fertiary) 

Sb.ily  saudsttme 

Brown  saudatone,  (Silurian?) 

(fn»en  simdstoue,  (oilnriau?) 

Yt'llow  sandstone,  (Silurian  ?) 

Keil  limestone,  (Silurian  ?) 

Ked  limestone,  green  spotted,  (Silnriui  7) 

Mottled  couf;lomeritic  limestone,  (Silurian  f). . 

Ked  limestone,  (Silurian  f) 

Pink  ahaly  Umestoue,  (Silurian  t) 


South  side  of  South  Platte  Birer  below  the 
cafion. 

Do. 

Do. 

Do. 

Do. 
Willow  Creek. 

Cafion  at  head  of  Boar  Creek. 
Pleasant  Park,  on  Bear  Creek. 
Hills  west  of  Pleasant  Park. 
Pleasant  Park. 

Do. 

Do. 
Mesa  east  side  of  Plum  Creek. 
Summit  of  mesa  east  aide  of  Plum  Creek. 

Do. 
Monument  Park. 
Near  the  Garden  of  the  Goda, 

Do. 

Do. 
Glen  Evrie. 

Do. 

Do. 
Summit  of  Pike's  Peak. 
UpiMT  Ckfiou  of  South  Platte  River. 

Do. 
Beaver  Creek  Valley. 
Beaver  Creek  Valley,  near  Florissant. 

Do. 
l^etrifled  Stumps,  near  Floriasaat 

Do. 
East  side  of  Trout  Creek,  below  Bergen  Park. 

Do. 

Do. 

Do. 

Do. 
West  side  of  Trout  Creek,  below  Bergen  Park. 

Do. 

Do. 
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45 
46 
47 
48 
49 
50 
51 
52,53 
54,55 
56 
57,58 
59-63 
64 
65 
66 
67,68 
69 
70 
71 
72,73 
74 
75 
76 
77 
78 
79 
80 
81 
8S 
83 
84 
85 
86 
87 
88.89 
90 
91 
92 
93 
94-97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116, 117 
118-121 
122 
123-125 
126 
127, 128 
129 
130, 131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 


Re<l  sandatone,  (Silurian?) 

Pink  limeatoue,  (Silurian?) , 

Yellow  limeatono,  (Carboniiksroaa  ?) 

Whit4?  arenaceous  limeatone,  (Carboniferous  ?) 

Pink  quartzite 

Yellow  qnartzitic  sandstone 

Bruwn  quartzitio  sandstone 

Red  sandstone 

White  quartzite,  (Cretaceous  No.  1) 

Gneiss 

Granite  (?) 

do 

Metamorphosed  slate 

Quartzite 

Gneiss,  (Micaceous) 

Trachyte  (?) 

Gray  sandstone 

(ireen  slate 

?uartzitic  sandstone 
rachyte  (?) 

Coarse  micaceous  sandstone 

Bine  limestone 

Sandstone 

Kcd  calcareous  sandstone  shalo 

Quartzitic  sandstone 

white  quartzite,  (Silurian) 

Purple  sandstone,  (Silurian) 

Green  clay  shale 

Blue-ftray  limestone 

Trachyte  (?) 

White  micaceous  sandstone 

Bine  limestone 

Micaceous  sandstone  shale 

White  sandstone,  (Cretaceous) 

Andesitc(?) 

Rhyolite(?) 

Dark  quartzite 

Micaceous  sandstone 

Shnly  sandatone 

Quartzite , 

Limestone 

Trachyte  (?) , 

Cou  j;lomt»rate 

Limostune .•• 

Quartzite 

Limestone 

Black  argillaceous  shale,  (Cretaceous) 

Red  and  white  shaly  sandstone 

Blue  limestone 

Mottled  sandstone 

Coarse  red  sandstone 

White  micaceous  sandstone , 

W^hite  quartzite 

do 

Trachyte  (?) 

do 

do 

Mafniesian  limestone 

Sandstone 

Rhyolito(?) 

Sandstone 

Sandstone  shale 

Sands^<one 

Micaceous  sandstone  sliale -. , 

Trachjte(0 

do 

do 

Quartzite,  (Potsdam) 

Trachyte 

Gneiss 

Granite 

Quartzite,  (Potsdam) 

GneiSii 

Trachyte  (?) 

do....'. 

de 

do 

do 

Pitchstone 

Trachyte 

Granite 

do 


West  side  of  Trout  Creek,  below  Bergen  Park. 

Do. 

Do. 

Do. 
One  mile  east  of  Trout  Creek. 

Do. 

Do. 

Do. 
Sulphur  Springs,  South  Park. 
East  side  of  Tarryoll  Creek. 
North  of  Hamilton. 
Mount  Guyot. 
£ast  of  Mount  Guyot. 

Do. 

Do. 
Silver  Heels  Mountain. 

Do. 

Do. 

Do. 

Do. 

Da 

Do. 

Do. 

Do. 

Do. 
South  side  of  Four-Mile  Creek. 

Do. 

Do. 

Do. 
Three  miles  above  Hamilton. 
East  of  Fair  Phiy. 

Do. 

Do. 

Do. 

Do. 
Mount  Lincoln. 

Do. 

Do. 

Do. 

Do. 

Do. 
Ridge  northeast  of  Mount  Lincoln. 

Do. 

Do. 
South  Platte  River,  below  Hoosicr  Pass. 

Do. 
East  of  Fair  Play. 

Do. 

Do. 

Do. 

Do. 
North  of  Fair  Play. 
Mosquito  Gulch. 
Buckskin  Gulch. 

Do. 
Iowa  Gulch. 
South  side  of  Four-Mile  Creek. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Head  of  Iowa  Oalcb. 
Stray  Horse  Guloh. 
Near  Fair  Play. 
Horseshoe  Mountain. 
South  side  of  Four-Mlle  Creek. 
Horseshoe  Mountain. 

D(*. 

Do. 
Westim's  Pass. 
Buffalo  Peaks. 

Do. 

Do. 

Do. 

Dow 

Do. 

Do. 
Mount  Hanmrd. 
£ait  of  La  PloU  Moontiin. 
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CaMogiU  of  neki  eoUtcUd,  ^«.— Con  tinned 


No. 

SimB. 

Lm^ly. 

''           " 

UO 

filij-oHW....; ■. -. 

Ho, 
N«r  OrkElr  FmL 

^]n 

tM,lffi 

fnwbjii' 

Do. 

Bldge  South  of  fi«d  Eock  Put. 

178,  ITT 

Homl  of  Splrirer  Croak, 

SiHtern  Uruvb  of  Tajlor'a  River. 

iis,ia 

Bldge  out  uT  Ilalla  Mnantaln. 
lUdgB  sonth  of  lUlin  Moanuia. 

l»,l» 

W( 

JS' 

StMlon  16,  neir  h«d  of  Boartog  Fort 

Head  of  Rouing  Fork. 

EimrlDll  Fork,  aou  Cutis  Cnek. 

•"■S 

B.,HjP»t 

FrylDK-Fim  Crook. 

aH«» 

WhlUgyp.™ 

FipJnc-PuCnwk. 
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Ko. 

1,^.. 

L™.^y. 

JVy[ng.p.u,C„.k. 

a™ 

wi.Ka 

ast3«5 

asu 

r..Hr.<-  .-1.IV  ^miUSoae.  (UarboDtfoioiu) .  ...7.. 

i^^ 

-., 

Do, 

Eiutiiiliaf  Ksgleltivor. 

Smal  [ark  alht«!«r  Trout  Ccwt 

^l^3ll< 

BnllK  wuit  of  mlt-worki,  Soolh  Vaik. 

^%\ 

E.lg'  of  ult  Dianh.  eiut  of  will-work*,  Sonlb 

^^\ 

Stmtni.  lia.  Hfiiilh  I'mrk. 

Bonth  Ilirk,  northsMt  of  Fair  Pl.y. 

REPORT 


OF 


F.  M.  ENDLICH,  S.  N.  D 


Washington,  D.  0.,  June  1, 1874. 

Sir  :  I  liave  the  honor  herewith  to  submit  my  report  for  1873.  As 
directed,  the  mines  of  Gilpin,  Clear  Creek,  and  Boulder  Counties  were 
first  visited  by  me,  with  the  view  to  study  their  geological  and  minera- 
logical  relations,  as  well  those  referring  to  the  ore-veins  as  a  whole 
as  those  they  bear  to  the  surrounding  rocks.  In  almost  every  instance 
where  time  and  the  condition  of  the  mine  permitted  it,  a  personal 
examination  of  the  conditions  under  ground  was  made,  and  the  report 
confines  itself  chiefly  to  those  lodes  and  mines  that  have  been  thus  vis- 
ited. On  July  3, 1  took  the  field  as  the  geologist  of  the  San  Luis  di- 
vision, returning  from  it  to  Denver  on  October  6.  Nearly  7,600  square 
miles  were  surveyed  toi)ographically  and  geologically  during  that  time, 
and  the  results  of  the  examinations  relating  to  the  geoguostic  and  geo- 
logical features  of  the  country  are  laid  before  you  in  the  subjoined 
report.  It  is  evident  that  on  a  survey  of  this  kind,  where  a  largo  area 
must  be  traversed  in  a  comparatively  short  time,  geological  research 
cannot  be  carried  on  in  as  much  detail  as  might  appear  desirable  to  the 
investigator.  By  working  in  perfect  unison,  however,  with  the  topog- 
rapher, the  geologist  will  be  able  to  form  a  correct  idea  of  the  hori- 
zontal and  vertical  distribution  of  formations  in  a  very  short  time. 

Four  chapters  and  an  appendix  comprise  the  annexed  report.  The 
first  chapter  treats  of  the  mining-regions ;  and  I  beg  leave  to  submit  it 
merely  as  a  preliminary  report,  in  the  hope  that  at  some  future  day  I 
may  be  enabled  to  make  more  thorough  and  extensive  examinations. 
The  three  following  chapters  are  devoted  to  the  geology  and  geognosy 
of  the  district  assigned  to  the  San  Luis  division.  In  the  appendix,  '<  Min- 
eralogical  notes"  and  a  *'  Catalogue  of  the  minerals  of  Colorado''  are  con- 
tained. 

At  this  place,  I  wish  to  express  my  sincere  thanks  to  Mr.  A.  D.  Wil- 
son and  Mr.  G.  B.  Chittenden,  the  topographers  of  the  party,  for  their 
hearty  good-will  and  co-operation  during  the  field-season,  and  to  the 
latter  for  the  kindness  with  which  he  supplied  me  during  the  winter 
with  the  illustrations  necessary  for  the  report. 

To  Prof.  F.  L.  Schirmer,  of  Denver,  and  Mr.  A.  von  Schultz,  Mr.  J. 
Alden  Smith,  and  Mr.  Smart,  of  Central,  Col.,  I  am  greatly  indebted  for 
courtesies  shown  me. 

Hoping  that  the  report  may  meet  your  requirements,  I  have  the  honor 
to  remain,  your  obedient  servant, 

FREDERIC  M.  ENDLICH. 

Dr.  F.  V.  Hayden, 
Oeologist-  in-  Charge^ 

United  States  Oeologiml  and  OeograpMeal 

Survey  of  the  Territmies. 
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CHAPTEE     I. 

PRELIMINARY  REPORT    UPON    THE    MINING-DISTRICTS  OF  COLORADO. 

AccordiDg  to  instructions  received.  I  visited  the  mining  regions  of 
Gilpin  County,  Colorado,  about  the  middle  of  May,  1873,  and  subse- 
quently tliose  of  Clear  Creek  and  Boulder  Counties.  The  object  in  view 
was  a  thorough  recognition  and  definition  of  the  geological  and  miner- 
alogicul  relations  shown  by  the  lodes  of  these  localities  to  Oivcli  other 
as  well  as  to  the  surrounding  rock.  Owing  to  the  early  season,  a  num- 
ber of  mines  that  afterward  were  worked,  were  not  then  in  operation ; 
and  as  a  personal  visit  to  all,  or  even  only  the  greater  portion  of  the 
mines,  was  entirely  out  of  the  question,  such  were  selected  for  examina- 
tion as  were  acknowledged  to  be  the  most  important  ones  of  the  district, 
besides  those  possessing  any  particular  interest  from  a  geological  or 
mineralogical  iK)int  of  view,  the  acquaintance  with  which  seemed  neces- 
sary for  a  successful  completion  of  the  wock  undertaken.  It  is  mainly 
of  the  mines  visited  personally  that  I  shall  speak  in  the  subjoined 
pages. 

The  lack  of  statistics,  which  may  be  considered  very  essential  in  a 
mining-report,  is  to  be  accounted  for  by  the  fact  that  this  report  pre- 
tends only  to  examine  the  geological  and  mineralogical  relations  of  the 
ore-bearing  veins  of  those  districts.  As  a  large  i)ercentage  of  the  min- 
ing population  follow  this  occupation  upon  claims  in  their  own  posses- 
sion, for  the  purpose  of  making  a  livelihood,  the  facilities  for  obtaining 
statistics  are  by  no  means  satisfactory,  and  it  would  require  moit)  time 
than  I  could  spend  to  compile  thorough  statements  of  production,  re- 
turns, &c.  A  carefully-compiled  statement  of  the  work  done  at  the 
Monte  Cristo  mine  has  been  very  kindly  allowed  me  for  publication  by 
Mr.  Mills,  of  Central.  From  it  can  be  seen  an  account  of  the  actual 
cost  of  working  a  mine  ou  a  small  scale,  and  calculations  for  more  ex- 
tensive operations  may  be  made  accordingly. 

Neither  historical  notes  nor  descriptions  of  machinery  employed  have 
been  given  in  the  report,  as  both  have  been  treated  of  in  Mr.  Hague's 
excellent  report  u^>on  the  mining  regions  of  that  section.  Merely  the 
geognostic,  geological,  and  mineralogical  features  of  the  localities  under 
cousideration,  and  their  mutual  relations,  are  dwelt  upon.  It  is  hoped 
that  by  i>resenting  this  character  of  the  mining  regions,  which  has  not 
been  sutticiently  done  before,  more  light  may  be  thrown  ui>on  their  merits 
or  demerits  as  such,  and  more  definite  knowledge  gained  regarding  their 
constitution. 

In  order  to  facilitate  the  ready  comprehension  of  terms  used  almost 
exclusively  by  miners,  and  in  order  to  give  a  more  definite  idea  of  the 
questions  involved  in  the  subjoined  report,  a  short  introduction  is  given, 
treating  briefly  on  the  subject  of  ore-deiK)sit8. 

The  substances  mostly  occurring  in  deposits  that  are  sought  after  by 
man  are  gold,  silver,  platinum,  copper,  lead,  tin,  zinc,  iron,  coal,  salt, 
bitumen,  petroleum,  and  others,  existing  partly  in  their  native  state, 
partly  in  combination  with  other  substances.  Two  great  divisions  are  dis- 
tinguished, and  imbedded  deposits— superstratoid  deposits;  the  former 
being  partially  or  entirely  surrounded  by  a  valueless  material,  the 
^^ country;''  the  latter  deposited  upon  the  surface,  and  containing  its 
valuable  minerals  partly  as  float,  partly  as  a  superficial  deposit.    Im- 


Plate  A . 


Z3n>ucn.] 
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bedded  deposits  are  more  frequently  met  with,  and  it  is  of  tbem  the 
report  on  Colorado  mines  will  treat  almost  exclasively. 

An  ore- vein  is  a  tabuloid  body  of  mineral  matter,  aggregated  so  as  to  be 
entirely  distinct  from  the  surrounding  rock — ^from  the  **  country  " — ^in  it« 
lithological  and  chemical  character  as  well  as  in  its  physical  structni*e. 
It  is  necessary  that  a  fissure— or  filled — a  vein  should  be  bordered  on 
either  side,  the  sides  being  called  "  walls.''  As  the  greater  number  of 
Tcins  show  an  incline  tx)  one  side  or  the  other,  it  has  become  customary 
to  term  the  wall  upon  which  it- rests  the  "foot- wall;*'  the  one  resting 
upon  it,  the  ''  hang-ing-wall."  Frequently  these  w^alls  are  of  a  different 
lithological  and  geological  character,  as  at  the  Winnebago  mine,  where 
the  foot- wall  is  gneiss ;  the  hanging- wall  granite.  In  that  case  the  vein 
is  termed  a  "contact-vein." 

The  line  indicated  by  an  outcropping  vein,  if  cut  oft"  horizontally,  is 
called  the  "  course,"  or  "  strike,"  of  a  vein ;  vai'iation  from  the  horizontal 
is  the  "  dip;"  the  thickness  is  measured  from  wall  to  wall. 

In  distinction  between  a  vein  and  a  stratum,  the  former  must  be  re- 
garded as  representing  the  filling  material  of  a  fissure  in  the  adjoining 
rocks,  whereas  the  latter — a  coal-bed,  for  instance — is  merely  one  of  a 
succession  of  strata.  From  the  nature  of  its  occurrence,  it  becomes  evi- 
dent that  the  contents  of  fissures  must  be  younger  than  the  surrounding 
"country;"  whereas,  in  the  case  of  a  stratum,  it  must  be  said  that  it  is 
younger  than  the  underlying  but  older  than  the  superincumbent  strata, 
provided  the  beds  have  not  been  overturned.  An  exception  to  this  rule 
takes  place  when  an  ore-deposit  is  formed  by  pseudomorphic  action. 

Massive  deposits  may  be  regarded  as  local  widening  of  veins,  but 
more  correctly  as  segregations. 

Impregnations  sometimes  form  deposits  of  large  bodies  of  ore,  as,  for 
instance,  the  tin-mines  of  Saxony  and  Bohemia,  but  rarely  produce  a  suf- 
ficient amount  of  metal  to  prove  valuable. 

Superstratoid  deposits  owe  their  origin  mainly  to  mechanical  action, 
but  in  part  to  chemical.  To  the  former  class  belong  deposits  of  gold, 
silver,  platinum,  tin,  &c.;  to  the  latter,  bog-iron  ore,  bog- manganese,  &c. 

Veins  are  subject*  to  frequent  and  often  serious  disturbances,  mostly 
demonstrated  by  having  caused  or  causing  dislocations,  in  which  case 
they  are  of  mechanical  nature,  while  other  disturbances  occur,  attributed 
to  chemical  action.  Dislocations  often  cause  intersections  of  two  veins, 
(PI.  A,  Fig.  1,)  of  which  the  disturbed  one  is  the  older;  the  younger, 
disturbing,  keeping  its  course.  The  disturbing  vein  can  either  be  larger 
(PI.  A,  Fig.  3)  or  smaller  (PL  A,  Fig.  2)  than  the  other  one.  An  occur- 
rence that  can  very  readily  be  mistaken  for  crossing  is  termed  "  dragging," 
(PI.  A,  Fig.  5;)  and  it  is  important  in  some  cases  to  determine  whether 
an  actual  crossing  takes  place,  or  merely  a  drag  is  found.  Two  veins 
may  <approach  each  other  at  a  small  angle,  touch,  and  remain  in  contact 
for  some  distance,  and  then  each  one  turn  oft'  again  to  its  own  side ;  or 
they  may  cross  and  drag  on  either  or  both  sides  of  the  crossed  vein, 
(PI.  A,  Fig.  6.)  If  the  one  vein  is  rich  and  the  other  one  poor — at  the 
same  time,  however,  of  equal  thickness  and  similar  mineralogical  char- 
acter— it  becomes  necessary  to  determine  this  point.  It  may  also  occur 
that  several  veins  cross  several  others,  (PL  A,  Fig.  4,)  in  which  case, 
however,  all  the  above-stated  conditions  remain  unchanged. 

Veins  frequently  ramify,  sometimes  the  several  parts  returning  to  the 
main  vein  again,  sometimes  pinching  out  entirely.  The  included  por- 
tions ot " country  "  are  termed  "  horses,"  ( PL  B,  Fig.  1.)  Usually  the  termi- 
nation of  veins  is  effected  in  three  ways :  by  ramification,  (PL  B,  Fig.  2,) 
where  it  splits  up  into  a  number  of  smaller  veins  that  gradually  thin 
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out  and  disappear,  (PI.  B,  Fig.  3;)  by  pinching  out  of  the  main  vein,  (PL 
B,  Fig.  4 ;)  and  by  being  cut  off,  (PI.  B,  Fig.  5,)  wliich  can  occur  as  the 
result  of  considerable  disturbance,  whereby  an  entirely  differei-t  kind  of 
rock  can  cutoff  and  obliterate  the  vein.  Cuts-off  occurring  without  the 
intervention  of  any  new  rock  belong  to  the  aeries  of  comuiim  diwlocations, 
and  in  thac  case  the  continuation  can  mostly  be  found  again.  This 
latter  takes  place  very  frequently  in  coal-mines,  (PI.  B,  Fig.  (>,)  where  the 
beds  have  originally  had  an  approximately  horizontal  position,  out  of 
which  they  are  thrown  by  any  disturbance  caused  either  by  vertical  or 
lateral  pressure.  In  ore- veins,  this  kind  of  dislocation  is  not  so  often 
met  with. 

Sliding  of  veins  is  not  infrequently  found,  as,  for  instance,  in  the  Greg- 
ory extension,  where  the  one  wall  has  changed  its  position  juirallel  to 
the  medial  plane  of  the  vein-body.  If  any  irregularities  have  occurred 
in  the  vein,  a  slide  of  this  kind  will  tend  to  increase  them,  and  the  vein 
wiU  consist  of  a  series  of  accumulations  of  mineral  and  gaugue  matter 
along  its  former  strike  and  dip. 

FORMATION  OF  VEINS  AND  LODES. 

The  formation  and  contemporaneous  or  subsequent  filling  of  fissures 
has  given  rise.to  a  great  deal  of  speculation.  Although  it  may  bo  sup- 
I)Osed  that  an-  irregular  contraction  of  the  earth's  crust  would  jnoduce 
at  points  fissures  similar  to  those  observed,  their  form,  in  detail,  and 
the  character  of  their  arrangement  with  reference  to  each  otlier,  would 
probably  not  be  the  same  as  is  really  found  in  nature.  An  explana- 
tion of  the  origin  of  fissures  based  upon  the  recognition  of  volcanic  or 
plutonic  activity  seems  most  satisfactory,  and  will  apply  in  the  by  far 
greater  number  of  cases.  Earthquakes  of  the  present  day,  due  to  vol- 
canic activity,  form  fissures  and  series  of  fissures  analogous  and  even 
similar  to  those  that  are  now  filled  with  ores.  Without  penetrating 
the  earth's  crust  to  any  considerable  percentage  of  its  thickness,  a  vein 
will  still  be  practically  inexhaustible  in  depth  until  machinery  may  be 
80  perfected  as  to  overcome  the  increasing  temperature  as  the  descent 
is  made.  With  the  help  of  the  annexed  cut,  the  formation  of  fissures  by 
plutonic  activity  will  become  apparent.  If  a  considerable  thickness — a 
mile  or  more — is  allowed  for  the  crystalline  rocks  a,  any  disturbance  on 
the  part  of  h  would  have  a  tendency  to  crack  the  strata  or  the  masses  of 
a,  thus  giving  rise  to  the  formation  of  fissures;  and  if  &  becomes  eruptive, 
contact-veins  would  he  formed  between  the  two  formations.  The 
expression  of  this  phenomenon,  however,  will,  a«  a  rule,  be  local. 
Circumstances  can  occur  under  which  it  may  cover  a  very  large  area, 
but  the  existence  of  fissures  within  a  small  compass  has  been  observed 
far  more  frequently. 

Another  kind  of  fissures  is  found  that  owe  their  existence  to  disturb- 
ances as  well,  but  disturbances  having  a  different  effect.  If  any  stratified 
or  stratoid  rock  is  disturbed  in  such  a  manner  as  to  separate  the  strata 
from  each  other  at  one  or  more  points,  while  they  remain  in  connection 
at  others,  fissures  are  formed  between  these  strata,  and  their  strike  and 
dip  will  be  conformable  to  those  of  the  strata. 

After  the  fissures  have  been  formed,  they  will  be  filled.  It  is  a  well- 
known  fact  that  any  excavation  in  the  ground  or  in  rock,  such  as  a  cel- 
lar, timnel,  shaft,  &c.,  serves  to  collect  and  partially  retain  the  waters 
l>ercolating  through  the  surrounding  medium.  This  is  infiltration. 
Taking  the  term  infiltration  in  its  widest  sense,  it  may  be  accepted  as 
an  explanation  for  the  filling  of  fissures.    It  remains  to  be  decided,  how- 


Contact  rein. 
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ever,  what  kind  of  infiltration  is  nsaally  employed  in  filling  these  fis- 
sures. Numerous  hypotheses  have  been  offered  in  explanation,  favoring 
infiltration  from  above,  below,  l^om  the  side,  &c. ;  but  the  reliable  data 
obtained  are  too  few  as  yet  to  admit  of  any  well-grounded  \iew.  One  fact 
has  been  elicited,  however,  the  cause  of  which  is  obvious,  and  may  event- 
ually lead  in  the  right  direction  towards  solving  the  problem.  In  a  large 
number  of  instances  it  has  been  noticed  that  the  filled  fissure,  the  lode, 
showed  a  symmetrical  arrangement  of  its  component  minerals,  so  that 
by  dividing  it  into  two  halves,  parallel  to  the  walls,  these  halves  would 
each  contain  the  same  minerals  in  the  same  consecutive  order.  This 
structure  has  been  termed  ^'combed,"  and  leaves  no  doubt  that  the  same 
minerals,  at  their  corresponding  positions,  were  deposited  contempora- 
neously, and  that  the  filling  must  have  progressed  from  the  walls  inward, 
i.  6.,  to  the  center  of  the  fissure.  The  why  and  wherefore  cannot  yet  be 
answered  satisfactorily. 

Attempts  have  been  made  to  explain  the  filling  of  fissures  by  the 
action  of  electric  currents;  but  it  seems  more  probable  that  those  cur- 
rents, which  really  do  exist  in  lodes,  are  not  the  cause,  but  the  resujt 
of  their  formation. 

SEABOH  FOB  LODES. 

In  searching  for  lodes,  it  is  undoubtedly  best  to  simply  follow  the 
teaching  of  sound  judgment,  combined  with  empirical  and  other  knowl- 
edge. 

Should  the  gauguerock  be  harder  than  Jthe  surrounding  "country,'' 
offer  more  resistance  to  atmospheric  influences,  the  aspect  of  a  hill  or 
ridge  will  often  reveal  the  desired  point  at  a  glance.  Apart  from  this 
very  convenient  method  of  prospecting,  inquiry  should  always  be  made 
whether  at  any  time  mining  operations  had  been  carried  on  in  the  dis- 
trict being  prospected;  if  so,  the  strike  of  the  lodes  then  discovered — 
if  ascertainable — will  always  afford  a  valuable  hint  to  the  prospecter. 
If  it  is  an  entirely  new  country  to  mining-industry,  the  experience 
gained  upon  former  occasions  must  be  appli^  to  decide  whether  it  may 
look  *•  promising"  or  not.  Valuable  and  time-saving  is  the  custom  of 
examining  the  sand  of  rivers  and  creeks,  because  any  mineral  found  in 
this  sand  must  necessarily  occur  exposed  at  some  point  above  the  one 
where  it  was  first  observed.  Not  having  obtained  any  satisfactory 
results  from  this  process,  an  examination  of  the  rocks  in  position,  as  far 
as  they  are  exposed,  can  be  undertaken.  The  color  of  the  soil  must  be 
observed,  if  possible,  as  sulphurets  and  iron  ores  mostly  produce  a  red; 
copper  compounds,  a  greenish  color.  Vegetation  is  an  important  indi- 
cator for  the  prospecter.  If  it  is  particularly  luxuriant  along  certain 
limited  areas,  or  the  reverse,  it  may  lead  to  valuable  discoveries.  In 
prospecting  for  salt  and  similar  compounds,  the  character  of  the  vegeta- 
tion is  of  the  greatest  aid. 

After  having  found  any  mineral  that  may  have  the  appearance  of  an 
ore,  it  becomes  necessary  to  recognize  its  nature,  and,  if  it  is  decomposed, 
the  nature  of  that  from  which  it  resulted.  An  old  plan  in  prospecting 
a  country  where  veins  are  supposed  to  exist  is  to  start  from  any  point 
where  a  piece  of  ore  has  been  found  in  two  directions  at  right  angles 
with  each  other,  whereby  every  lode  within  the  one-half  of  the  circle  will 
be  crossed.  In  a  country  where  mining  has  been,  or  is  still,  carried  on, 
it  will  be  of  use  to  make  the  examination  while  traveling  at  a  right 
angle  to  the  usual  strike  of  the  lodes. 

When  the  presence  of  the  lode  has  been  established,  it  must  be  fol- 
lowed up,  and  here  frequently  the  skill  of  the  prospecter  is  subjected  to 
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severe  teste.  If  the  gangne-rock  is  sufficiently  hard  to  preserve  its  out- 
crop, or  if  the  ores  stain  the  soil,  it  becomes  a  comparatively  ejisy  task; 
but  when  all  traces  of  this  kind  are  obliterated,  he  must  resort  to 
uncovering  the  lode,  unless,  again  by  means  of  the  appearance  of  the 
vegetiition,  he  can  follow  it  up.  It  has  been  mentioned  above  that 
excavations,  &c.,  serve  to  collect  the  percolating  waters ;  and  although 
the  fissure  may  be  filled,  it  will,  as  a  rule,  retain  this  quality  to  some 
extent,  so  that,  in  a  dry  country,  trees  growing  immediately  upon  the 
lode  will  frequently  show  a  more  luxurious  development  than  their 
neighbors. 

For  nearly  horizontal  veins  and  beds,  boring  is  of  importance,  but 
sometimes  impracticable. 

Prospecting  in  our  western  countries  is  combined  with  so  many  hard- 
ships and  dangers  that  great  credit  is  due  to  those  men  who  spend 
years  of  their  lives  in  seeking  for  and  developing  the  mineral  wealth  of 

their  adopted  home. 

PART   I. 

In  Gilpin  County,  the  mining  locality  is  found  within  a  radius  of  about 
three  to  four  miles,  starting  from  Ceuti*al  City,  and  is  distinctly  limitable 
at  a  glance  by  the  perfect  bareness  of  those  hills  in  which  the  precious 
metals  are  contained.  Approaching  Central  from  the  east,  through 
Clear  Creek  Caiion,  a  number  of  rounded  hills  are  seen  to  the  left — higher 
ones  to  the  right.  Not  a  particle  of  timber  remains  on  those  that  have 
been  prospected  over;  no  low  vegetation  has  had  time  to  develop. 
Black  Hawk,  at  an  elevation  of  7,543  feet.  Mountain  and  Central,  of 
8,300  feet,  are  seemingly  one  continuous  town,  althongh  provided  with 
three  city  governments,  located  in  Eureka;  Gulch,  with  mines  on  every 
side,  even  in  the  ver^^  centers  of  the  towns.  Westward  of  Central,  seve- 
ral hills  are  located,  also  containing  a  number  of  lodes,  some  of  which 
are  being  worked.  On  all  sides,  this  comparatively  small  mining  dis- 
trict is  surrounded  by  higher  mountains,  densely  wooded,  in  which 
every  now  and  then  an  isolated  lode  is  found.  The  gefcgnostic  features 
in  the  immediate  neighborhood  of  the  mines  are  somewhat  difficult  to 
determine  with  accuracy,  owing  to  the  great  displacement  of  rocks  that 
has  been  occasioned  by  the  search  for  Ipdes.  Throughout  the  vicinity 
of  this  mining  locality,  the  main  rock  is  a  gneissic  ene,  showing  numerous 
changt^s  and  varieties,  of  which  Mr.  Marvine  speaks  more  fully  in  his 
report  upon  the  geology  of  that  section.  In  the  immediate  vicinity  of  the 
mines,  however,  the  rock  is  granitic,  sometimes  changing  into  that  vari- 
iety  which  has  been  termed  aplyte,  composed  only  of  ortbochuse  and 
quartz.  Mostly,  it  is  coarse-graineil,  inclined  to  separate  in  stratoid  por- 
tions, and  yields  readily  to  the  decomposing  action  of  atmospheric 
influences. 

The  accompanying  geological  map*  (Plate  I)  will  explain  the  dis- 
tribution of  the  granite.  Beginning  at  the  summit  of  Quartz  Hill,  it 
extends  eastward,  keeping  a  little  to  the  north,  with  the  connection 
broken  only  at  one  point,  until  Kunning  Hill  is  reached.  Composing 
the  main  or  entire  portion  of  the  small  intervening  hills,  its  limit  south- 
ward is  define<l  by  their  own,  on  the  north  mainly  by  the  gulch.  This 
granitic  area  is  sui>erticially  entirely  isolated  from  any  other,  having  a 
main  longitudinal  direction  of  almost  due  east  and  west,  a  little  north 
of  west.    On  Procer  Hill,  granite  is  again  found,  having  the  same  strike, 

*Tlic  (Iruiuji^t;  ha«  been  tuken  from  the  map  published  in  Mr.  llai^ne's  mining  report, 
and  also  the  roadi},  be^ideo  some  of  tbe  lodes,  the  location  of  which  corresponded  with 
mine. 
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pointing  toward  some  small  ontcrops  of  it  on  Gasto  and  Bates  Hills. 
North  of  the  Winnebago  mine,  it  crops  out ;  also  west  of  it,  and  east  of 
the  Bates  lode.  How  far  it  extends  westward  from  the  summit  of  Quartz 
Hill,  I  am  unable  to  say;  probably  not  far,  however.  This  is  the  extent 
of  the  granite,  and  it  will  be  found  that  within  it^  limits,  or  in  portions 
immediately  contiguous,  the  greater  number  of  the  lodes  are  located. 
Porphyry  crowns  the  tg^)  of  Quartz  Hill,  Mammoth,  Gregory,  and  Bob- 
tail Hills,  occurring  besides  in  a  dike  on  the  western  slope  of  liunuing 
Hill,  on  Procer,  and  in  a  large  dike  north  of  Procer.  Drawing  a  line 
from  the  summit  of  Quartz  Hill  to  that  of  Bobtail,  it  will  be  found  to 
run  parallel  with  the  main  strike  of  the  lodes,  parallel  with  the  longitu- 
dinal axis  of' the  granite — in  other  words,  the  porphyritic  ontliow  has 
a  strike  parallel  to  that  of  the  granite,  and  both  are  parallel  to  that  of 
the  lodes. 

Hornblende-rock  occurs  in  dikes  having  an  approximate  strike  of 
north  to  south,  composed  of  oligoclase  and  hornblende,  associated  with 
epidote  and  garnet.  Several,  from  three  to  twenty  feet  in  thickness, 
cross  Gunnell  Hill,  one  extending  across  to  Kansas  Hill,  and  one  crossing 
Procer.  Lithologically,  the  rock  forming  these  dikes  is  diorite,  although 
it  undergoes  a  series  of  modifications. 

On  Plate  II,  a  number  of  sections  are  given  that  will  explain  the  rela- 
tive position  of  the  three  formations  occurring.  Section  A  runs  from 
Quartz  Hill  to  Eunning  Hill,  almost  east  20^  north.  Chimneys  of  por- 
phyry break  through  the  granite  at  four  points  along  that  section, 
always  forming  the  summits  of  small  hills.  Probably,  without  any 
deep-reaching  separation,  the  granite  continues  in  naiTow  line  for  more 
than  three  miles.  Small  patches  of  gneiss  are  found  every  now  and  then, 
but  are  merely  superficial.  As  this  section  runs  parallel  to  the  strike  of 
the  lodes,  none  are  cut  by  it,  with  the  exception  of  a  small  one  on  Run- 
ning Hill,  that  occurs  out  of  course  contact  between  porphyry  and  the 
granite.  Section  B  runs  almost  north  5^  east  from  Gregory  Hill  to  Bates 
Hill,  cutting  the  Mammoth,  Gregory,  Briggs,  Bates,  and  Mack.  Mam- 
moth, and  probably  Gregory,  as  soon  as  it  goes  deeper,  run  in  granite  only, 
while  the  remaining  three  are  contact  between  gneiss  and  granite. 
Section  0  shows  the  Mammoth  on  Mammoth  Hill,  where  it  has  become 
contact,  while  it  is  not  farther  east.  Section  D  has  a  course  from  south 
to  north,  running  through  Bobtail  Hill,  cutting  the  lode.  Porphyry,  sur- 
rounded by  granite,  forms  the  top  of  the  hill,  while  a  portion  of  gneiss 
comes  in  toward  the  north,  and  between  this  and  the  following  granite 
the  Bobtail  is  contact.  Section  E  runs  from  south  to  north,  starting 
from  the  eastern  slope  of  Quartz  Hill  and  continuing  over  across  Gun- 
nell, cutting  in  its  course  the  Kansas,  Whiting,  and  Gunnell.  The  Kan- 
sas is  (!ontact  between  granite  and  gneiss,  while  the  rest  run  entirely 
in  gneiss. 

On  Procer  Hill,  the  granite  is  of  a  light  yellow  to  white  color,  coarse- 
grained, with  yellowish  orthoclase,  white  quartz,  and  black  mica,  and* 
this  character  may  be  taken  as  a  type.  Throughout  the  district  the 
granite  contains  small  crystals  of  magnetite,  the  largest  of  which  are 
found  on  Gunnell  Hill,  almost  an  inch  in  diameter.  On  this  hill  the 
granite  assumes  a  more  gneissic  structure,  which  it  shows  at  no  other 
point  to  that  extent.  On  Quartz  Hill,  and  from  there  eastward  to  Kun- 
ning,  its  character  remains  almost  the  same  as  well  in  mineral  con- 
stituents as  in  structure.  Sometimes  the  line  between  it  and  the  gneiss 
is  distinctly  marked  along  the  sides  of  gulches — particularly  so  on  Kan- 
sas Hill — but  ofteuer  it  is  obliterated.  Slight  variations  of  composition 
are  shown  by  the  porphyry,  which  must  be  classed  among  the  quartzose. 
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The  well-known  crystals  of  orthoclase,  both  simple  and  Carlsbad  twins, 
from  Gregory  Hill  are  contained  in  the  porphyry  that  forms  its  summit. 
On  Bobtail  Hill  it  has  a  greenish  to  maroon  color,  containing  smaller 
crystals  of  orthoclase  and  numerous  small  crystals  of  pyrite.  At  the 
dike,  on  Running,  it  is  more  compact,  of  a  brown  color,  containing,  in 
the  microcrystalline  paste,  very  small  particles  of  hornblende.  Differ- 
ent from  these  is  that  on  Procer,  very  compact,  witli  a  large  percentage 
of  quartz  ,  it  has  a  light-yellow  to  tiesli-colored  tint. 

The  gneiss  of  the  entire  region  is  of  one  type,  although  numerous 
varieties  occur.  Mostly  it  is  finely  laminated,  of  a  bluish  color  when 
fresh,  brown  when  decomposed.  Black  mica  accumulates  at  some 
points,  changing  its  character  into  that  of  a  mica-schist.  Neither  in  any 
of  the  gneiss  or  the  granite  is  magnetite  wanting.  With  reference  to 
the  relation  of  lodes  to  these  formations,  it  may  be  sard  that  they  are 
extremely  simple,  being  contained  either  in  the  gneiss  or  the  granite, 
if  not  forming  contact-veins  between  these  two,  and  again  found 
between  granite  and  porphyry.  Quite  a  number  of  them  are  contact- 
veins— sometimes  only  for  a  portion  of  their  entire  length,  as,  for  instance, 
the  Bates,  liarely  can  the  fact  of  their  being  contact-veins  be  deter- 
mined on  the  surface,  only  a  few  cases  having  been  observed  in  which  it 
could  be  done;  but,  by  carefully  observing  the  walls  of  a  lode,  the  re- 
spective formations  to  which  either  one  belongs  could  mostly  be  ascer- 
tained. Upon  the  strike  or  dip  of  the  lodes,  these  various  circumstances 
seem  to  have  had  little  or  no  effect :  neither  have  they,  within  certain 
limits,  changed  the  character  of  the  ore.  Although  it  might  seem 
lK)ssible  or  even  probable,  the  porphyritic  eruptions  have  produced 
no  noticeable  change  in  the  lodes  of  their  vicinity,  unless  it  might  be 
regarded  ars  an  effect  of  this  kind  that  those  lodes  found  in  immediate 
proximity  to  the  porphyries  generally  yield  lower  returns  in  bullion  than 
others  farther  oft'. 

Two  main  systems  of  lodes  are  found  here,  those  belonging  to  the  one 
striking  almost  due  east  and  west,  the  others  about  northeast  to  south- 
west. Of  the  two,  the  former  are  the  most  numerous ;  to  the  latter 
belong  the  Fisk,  Gregory,  Bates,  I^eavitt,  Prize,  and  a  few  small  lodes. 
No  distinctions  from  a  mineralogical  point  of  view  can  be  made,  neither 
is  there  any  constancy  noticeable  in  the  mode  of  occurrence  of  these 
veins.  Contrary  to  my  expectations,  the  mineralogical  character  of  the 
ores  was  found  to  be  a  very  uniform  one,  showing  little  variation  in  the 
number  and  species  of  minerals  composing  them.  But  one  interesting 
fact  was  observed,  that  in  the  more  or  less  central  i)ortions  of  that 
mining  district  the  lodes  showed  but  very  little  blende  and  galenite — 
mostly  pyrite  and  chalcopyrite.  If  an  elliptic  line  is  drawn,  inclosing 
just  within  it  all  the  principal  mines  of  this  section,  it  will  be  found  that 
the  J.  P.  Whitney,  the  Forks,  Eunniug,  and  Dallas  are  nearest  or  on 
that  elliptic  line,  and  these  lodes  are  all  worked  for  lead  and  silver,  con- 
taining galena  and  blende  as  their  principal  ores.  A  limited  number 
of  workable  gold-mines  are  situated  outside  of  this  circle  yet,  but  those 
upon  which  the  mining  enterprise  is  chiefly  based  are  within. 

Disturbances — dislocations — are  very  rarely  found  in  the  lodes  of  this 
region ;  scarcely  even  any  material  deviations  from  the  dip.*  Only  a  few 
of  the  lodes  slope  over  10^ ;  as  a  rule  they  are  very  nearly  or  (juite  ver- 
tical. Ramifications  occur  quite  frequently,  more  so  toward  the  west 
end  of  the  lode  than  at  the  east — a  feature  which  was  observed  in  a  con- 


*  A  <lcllfction  from  the  usual  course  takes  place  on  the  eastern  slope  of  Gunnel!  HiU, 
wbert*  ii  (like  of  garuet  and  epidote  rock  crosses  it,  in  consequence  of  which  three  or 
four  small  veins  near  it  were  formed  that  have  a  course  about  north  10^  east. 
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siderable. number  of  mines.  As  an  average  width  for  the  lode  be 
tween  walls,  about  4  to  6  feet  might  be  given,  although  some  of  them 
widen  out  to  nearly  30  fcet. 

Taking  all  these  observations  and  facts  into  account,  we  may  be  able 
to  arrive  at  some  conclusions  regarding  the  ibrmation  of  these  lodes. 
Von  Cotta  says,*  "  It  is  still  most  probable,  as  von  Beust  in  his  criti- 
cism of  Wernei'^a  theory  has  clearly  shown,  that  the  majority  of  lode- 
fissures  have  been  torn  asunder  by  concussions  caused  by  volcanic  or 
plutonic  activity,  or,  in  other  words,  by  volcanic  or  plutonic  earth- 
quakes.^ In  applying  this  sentence  to  the  case  now  under  consider- 
ation, it  becomes  necessary  to  inquire  into  the  geological  nature  of 
the  formations  involved.  The  crystalline  gneiss  is  probably  the  oldest 
rock  in  that  section  of  Colorado,  while  the  granite  and  porphyry  are 
younger.  A  simple  metamorphosis,  a  remelting  of  some  one  or  the 
other  portion  of  this  gneiss  at  a  comparatively  shallow  depth,  would 
undoubtedly  produce  the  effect  of  a  "  plutonic  earthquake,''  whereby  not 
only  the  fissures  could  have  been  formed,  but  the  granite  have  become 
eruptive.  Subsequent  disturbances  from  the  same  direction  may  have 
produced  the  parallel  fissures  in  the  granite,  while  the  eruption  of  the 
porphyry  seems  to  have  been  accompanied  by  very  slight  or  no  such 
demonstrations.  Besides  the  great  uniformity  among  the  lodes  jper  ^e, 
the  similarity  shown  in  the  character  of  the  ores  within  certain  limits 
of  locality  spiBaks  for  a  common  origin  of  almost  all  the  vein-matter  and 
ore  contained  within  those  certain  limits.  Although  the  lodes  on  the 
outer  edge  of  the  district  vary  in  the  character  of  their  ores  from  the 
others,  this  may  still  not  justify  assigning  to  them  an  age  very  widely 
separated  either  before  or  after  from  the  latter. 

As  ore,  mainly  pyrite,  chalcopyrite,  galenite,  and  sphalerite  are 
found  in  this  district,  and  in  a  few  isolated  i>oints  argentite.  Experience 
ha«  shown  that  the  chalcopyrite  and  the  finely  disseminated  pyrite 
yield  the  best  production  of  gold,  while  galenite  and  sphalerite  contain 
silver :  the  massive  pyrite,  however,  only  small  quantities  of  gold.  Fre- 
quently bands  and  veins  of  this  pyrite  occur  more  than  a  foot  in  thick- 
ness, but,  as  a  rule,  from  two  to  six  inches. 

Toward  the  surface,  the  ores  decomi)08e  through  the  action  of  atmo- 
spheric influences  partly,  partly  through  chemical  agents.  The  result 
of  this  decomi)osition  is  usually  termed  '*  surface-ore,''  and  contains,  in 
contradistinction  to  the  ores  of  lower  depths,  its  gold  as  free  gold.  Pyrite 
loses  its  sulphur,  as  also  does  the  chalcopyrite,  and  more  slowly  sphale- 
rite and  galenite,  and  either  oxides,  carbonates,  or  sulphates  are  formed. 
From  the  fact  that  so  little  native  gold  is  observed,  even  with  diligent 
search  in  the  deeper  portions  of  lodes  that  on  the  surface  show  or 
showed  it  in  considerable  quantities,  it  might  seem  possible  that  the 
gold  was  contained  in  the  original  ore  as  a  compound,  and  became  free 
through  the  action  of  decomposing  agencies.  Thus  far,  no  experiments 
that  may  have  been  made  afford  any  proof  that  such  a  compound  of  gold 
should  exist,  although  circumstantial  evidence  points  very  strongly  in 
that  direction.  It  is  a  question  that  would  require  for  its  answer,  by 
means  of  chemical  investigation,  the  most  subtile  manipulation,  unweary- 
ing attention,  and  a  large,  judiciously  selected  material. 

In  speaking  of  the  various  lodes  and  mines  in  the  following  pages, 
only  those  shall  be  spoken  of  at  any  length  with  which  I  have  become 
personally  acquainted  by  one  or  more  visits.  No  further  attention  was 
paid  to  the  names  of  individuals  or  companies  owning  the  mines,  as  they 

*  Ore  Deposits,  translated  by  F.  Prime,  jr.,  1870,  p.  65. 
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may  change  hands,  while  they  will  not  often  change  their  names.  Min- 
ing enterprise  in  the  region  of  Central  City  is  comparatively  old,  and  the 
more  celebrated  lodes  and  mines  are  well  known.  Beginning  with  the 
mfiin  veins  of  the  system,  striking  abont  northeast  to  southwest,  the 
central  portion  of  the  rest,  and  afterward  the  outside  ones  will  be 
treated  of. 

The  Fisk  lode,  located  on  the  northern  slope  of  Bobtail  Hill,  was  not 
being  worked  at  any  point  during  my  stay,  so  that  no  reliable  data 
could  be  obtained.  It  has  a  strike  of  east  37^  north,  with  an  almost 
vertical  dip.  Approximately  parallel  to  it,  a  short  distance  west,  run 
the  Milwaukee  and  Devil's  Grip,  two  small  veins. 

Tbe  Gregory  lode  was  not  worked  at  the  time.  Situated  on  the 
northern  8lo})e  of  Gregory  Hill,  with  a  strike  of  east  45^  north,  it  is  the 
first  one  that  was  discovered  in  this  region.  It  strikes  the  Briggs  lode 
down  in  the  gulch,  and  has  been  found  at  a  depth  of  250  feet,  where  it 
is  known  as  the  Gregory  extension,  and  worked.  At  that  point  it  is  a 
contact-vein,  having  the  east  hanging  wall  of  gneiss ;  the  western, 
granite.  By  virtue  of  a  dip  of  30°  to  the  east,  it  diverges  from  the 
Briggs,  which  it  strikes.  It  is  here  that  tlie  case  of  a  slide  to  the  east- 
ward occurred,  alluded  to  above,  by  which  the  vein  appears  of  varied 
thickness.  Some  disturbance  has  taken  place  here,  probably  occasioned 
by  slides  of  the  ore- wall,  whereby  fragments  of  the  granite  and  gneiss 
both  have  been  thrown  into  the  gangue-material,  and  are  now  cemented 
together  by  white  quartz.  The  ore-bearing  vein  is  somewhat  irregular 
at  the  point  where  it  was  exiK)sed — ramifying,  connecting  agai!i,  send- 
ing otl*  a  number  of  spurs  and  shoots,  and  keeping  a  wavy  course.  Of 
the  walls,  the  hanging  wall  was  well  defined ;  the  loot  wall  more  broken, 
with  gneissic  fragments  resting  upon  it. 

The  Bates-Hunter  lode  begins  on  the  northern  slope  of  Mammoth 
Hill,  runs  through  Mountain  City,  and  is  finished  on  Bates  Hill ;  strike 
east  43^  north ;  dip  almost  vertical.  Neither  of  the  two  mines  on  that 
lode  were  in  operation  during  May,  although  I  am  informed  that  the 
Bates  took  up  work  again.    The  Bates  is  partly  a  con  tact- vein. 

Leavitt  lode  is  located  a  short  distance  west  of  the  Bates-Hunter, 
having  a  strike  of  about  east  40o  north,  and  is  the  last  large  vein  of  that 
northeast  series.  This  vein  is  one  of  the  best  developed  in  the  district, 
and  yields  an  abundant  supply  of  ore.  Very  little  variation  from  the 
vertical  is  shown  in  the  dip,  and  also  the  course  of  the  vein  is  quite 
regular.  Well-defined  walls  border  the  vein  on  either  side,  consisting 
of  granite  on  the  north  wall,  gneiss  on  the  south,  to  a  depth  of  150 
feet,  where  gneiss  comes  in  on  both  walls.  The  distance  between  walls 
at  a  depth  of  250  feet  is  between  4  and  5  feet,  varying  but  little  from 
the  surface  down,  but  seeming  to  increase,  however,  with  depth. 

Pyrite  and  chalcopyrite  compose  the  main  portion  of  the  ore,  a  vein 
of  the  former  two  feet  thick  being  found  at  one  place,  while  the  latter 
is  distributed  throughout  the  ganguerock  in  small  particles  and  masses; 
at  times  intimately  associated  with  the  pyTite,  again  occurring  free  from 
any  admixture  of  it.  Galenite  and  sphalerite  occur  very  sparingly,  and 
may  not  be  regarded  as  ore.  The  ganguerock  is  composed  of  quartzitic 
and  feldspathic  particles,  more  or  less  compactly  agglomerated  or  ce- 
mented. Sometimes  large  pieces  of  quartz  will  occur,  thereby  render- 
ing penetration  difficult  for  the  drillers.  Although  the  arrangement  of 
minerals  between  walls  shows  some  regularity,  there  is  no  symmetry 
about  it.  (Plate  IV.)  In  this  mine  the  following  minerals  were  found: 
pyrite,  occuriug  massive  and  in  small  pentagonal  dodeeahedral  crys- 
tals; chalcopyrite,  massive;  sphalerite, in  narrow  seams, running  through 
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the  quartz ;  galenite,  in  little  cubical  crystals,  containedin  thegangue-rock 
as  a  matrix;  quartz,  as  vein-matter  and  in  small  crystals;  orthoclase- 
feldspar,  partly  decomposed,  forming  caolinite,  found  in  tbe  gangue, 
and  delicate  flakes  of  a  white  talc  also  contained  in  tbe  gangue. 

It  is  stated  that  during  the  month  of  May,  1873,  745  cords  of  ore  were 
hoisted  from  this  mine  at  8  ounces  per  cord.  A  cord  is  between  7  and 
8  tons. 

With  the  Bobtail  lode  we  commence  the  second  series  of  veins, 
striking  approximately  east  and  west.  This  lode  is  located  on  the  north- 
ern slope  of  Bobtail  Hill,  which  was  named  after  it,  and  has  a  course  of 
east  8^  north.  A  number  of  claims  have  been  taken  up  on  the  same 
lode,  so  that  it  is  necessary  to  mention  that  the  mine  on  this  lode  that 
will  be  treated  of  in  the  following  pages  is  that  owned  by  the  Bobtail 
Gold-Mining  Company.  At  the  western  end  of  Black  Hawk,  a  tunnel 
has  been  driven  into  Bobtail  Hill  in  a  southerly  direction,  intending  to 
strike  the  vein,  which  was  accomplished  after  driving  something  over 
1,200  feet.  At  the  point  of  intersection,  tbe  shaft  had  reached  a  depth 
of  480  feet,  and  was  then  sunk  farther.  Tbe  vein  runs  between  granite 
on  the  south  side  and  gneiss  on  the  north,  and  is,  therefore,  a  contact  vein. 
Possibly  the  gneiss  on  tbe  northern  side  may  not  extend  down  to  any 
very  great  depth,  because  its  outcrop  is  isolated,  in  which  case  granite 
would  supply  its  place.  A  dip  of  15o  to  20o  to  the  south  was  observed 
at  the  lowest  level,  while  higher  up  it  seemed  to  become  almost  vertical. 
The  distance  bi^^ween  walls  may  be  given  from  1  foot,  where  the  vein 
sends  out  shoots  or  ramifies,  to  5  feet.  Very  clean  and  well-delined 
walls  are  found  separated  from  immediate  contact  by  the  characteristio 
narrow  clay  selvage.  To  the  west,  the  vein  continues  beyond  tbe  shaft 
of  this  mine  in  a  regular  course,  while  it  splits  toward  the  east. 
Whether  this  split,  that  had  retiched  a  width  of  about  18  feet  in  one  of 
the  levels  during  my  visit,  will  continue,  or  whether  merely  a  "  horse  " 
comes  in,  could  not  then  be  determined,  but  the  latter  seemed  more 
probable.  With  the  exception  of  this  case,  great  regularity  in  every 
feature  characterizes  the  Bobtail  vein.  Small  spurs,  from  tbe  thick- 
ness of  a  shM<^  paper  to  several  inches,  separate  from  the  main  vein 
and  enter  eitber%^ 

The  ore  is,  as  in  the  preceding  instance,  pyrite  and  chalcopyrite, 
massive  quantities  of  the  former  having  been  found  up  to  9  inches  in 
thickness;  of  the  latter,  of  several  inches.  A  partly  s^'mmetrical 
arrangement  can  be  noticed  by  observing  the  diagram  taken  at  a  depth 
of  520  feet  across  the  vein.  (Plate  III.)  Pyrite  occurs  on  either  side  of 
the  vein,  next  to  the  wall,  separated  from  it  by  a  narrow  selvage,  then 
scattering  quantities  of  chalcopyrite  and  isolated  threads  of  sphalerite 
and  galenite  are  found,  until  the  middle  again  is  formed  by  a  thicker 
band  of  i)yrite. 

Of  minerals,  the  following  w^ere  found :  Pyrite  and  chalcopyrite,  mass- 
ive, and  the  former  in  crystals — rarely,  however,  in  cubes ;  si)balerites, 
in  crystalline  threads ;  galenite,  dispersed  either  in  threads  or  small 
crystals;  mnspickel,  massive,  with  pyrite, or  in  small  crystals  on  quartz  ; 
gold,  showing  crystallized  faces,  on  quartz ;  composing  the  gangue-rock, 
gray  and  white  quartz,  a  pink,  yellow,  and  white  orthoclase,  partially 
decomposed  :  flakes  of  talc  nnd  clay  in  the  selvage. 

As  the  Bobtail  mine  is  one  of  the  deepest  in  the  central  mining- 
region,  a  trouble  that  is  not  yet  experienced  to  any  extent  in  mines 
of  less  depth  occurs  here.  It  is  the  accumulation  of  water,  which  has 
been  very  efficiently  overcome  by  means  of  a  pump  supplied  with  a 
movable  suctlon-bose,  which  has  been  ])laced  in  the  second  lowest  level. 
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MiniDg  is  carried  on  pretty  much  upon  the  same  plan  of  working 
throughout  this  section ;  therefore  mention  will  be  made  of  it  only  in 
concluding  the  first  part  of  this  chapter. 

The  Briggs  lode  is  situated  between  Gregory  and  Bates  Hills,  in  the 
gulch  parallel  to  which  it  strikes,  having  a  course  of  about  east  3^ 
north.  It  is  a  contact- vein,  having  the  granite  of  Gregoiy  Hill  as  a 
south  wall,  the  gneiss  of  Bates  for  a  north  wall.  Between  walls  the 
distance  is  about  4  feet  at  the  surface,  gradually  increasing  with  depth, 
so  that  at  545  feet  it  is  11  feet  wide,  while  a  little  higher  up  it  bulges 
out  to  27  feet.  This  considerable  lateral  extension,  however,  is  owing  to 
a  numberof  gneissic  "horses"  that  occurred  there,  causing  a  splitting  and 
widening  of  the  vein.  Although  not  disturbed  to  any  extent,  the  walls 
appear  rough  at  some  places,  which  is  due  to  the  fact  that  at  some 
l)oints  there  seem  to  have  been  dislocations  at  one  time,  whereby  por- 
tions of  the  wall  were  broken,  and  cemented  again  by  quartz.  As  a  rule, 
it  may  be  said  that  the  south  wall  is  smooth  and  of  a  good  character. 
Dislocations  of  the  vein  are  very  rare,  scarcely  even  variations  in  the 
almost  vertical  dip  being  notice^ible. 

Pyrite  and  chalcopyrite,  as  usual,  form  the  bulk  of  the  ore,  with 
sphalerite  and  galenite  as  accessories.  At  the  depth  of  545  feet,  a  vein 
of  massive  pyrite  4  feet  in  thickness  was  found.  Quartz  and  feldspathic 
minerals,  together  with  fnigments  of  granite  and  gneiss,  form  the  gangue- 
rock.  Minerals  found  are :  Pyrite  and  chalcopyrite,  the  former  also 
incrystals;  galenite,  sphalerite,  gold,  dolomite,  quartz  crystals  in  small 
cavities ;  quartz,  feldspar,  and  mica  in  the  gangue.  The  owners  of  this 
mine  are  the  Messrs.  Briggs,  one  of  whom,  Mr.  G.  Briggs,  kindly  fur- 
nished mo  with  some  data  regarding  wages  and  contracts  that  will  be 
found  at  the  end  of  part  1. 

The  Mammoth  lode,  beginning  on  Gregory  Hill  and  running  across 
westward  on  Mammoth  Hill,  has  a  strike  of  about  east  10^  north,  show- 
ing a  curve  toward  the  north.  A  connection  between  the  Bobtail, 
Mammoth,  and  Illinois  ha^  been  supposed  to  exist,  and  may  exist,  but 
not  sufficient  proof  has  yet  been  produced  to  substantiate  the  supposi- 
tion. The  very  similar  character  of  the  ore  and  the  percentage  of  gold 
decreasing  westward  might  speak  for  such  a  connection.  On  Gregory 
Uill  this  vein  runs  in  granite,  coming  up  very  nejir  to  the  porphyry ; 
while  on  Mammoth  Hill  it  becomes  a  contact-vein  between  granite  on 
the  south  and  gneiss  on  the  north  wall.  Along  its  entire  course,  the  width 
of  this  vein  between  walls  is  considerable — between  20  to  30  feet — con- 
taining largo  quantities  of  pyrite,  with  some  chalcopyrite,  too  poor  in 
gold,  however,  to  i)ay  working  at  present.  Its  dip  is  almost  vertical, 
and  the  walls  seem  to  be  clean  and  well  defined. 

The  Winnebago  lode,  opposite  the  Mammoth,  on  the  north  side  of  the 
gulch,  located  on  Casto  Hill,  has  a  strike  of  about  east  4^  north.  Gneiss 
on  the  south  side  forms  the  hanging-wall,  while  granite  borders  the  vein 
to  the  north.  Clean  walls,  at  some  places  almost  of  a  polished  appear- 
ance, characterize  this  contact-vein  :  dip  to  the  south  of  about  8^ — 12^, 
varying  at  different  depths,  strongest  sit  the  top.  A  shaft  has  been 
sunk  down  on  the  vein,  first  inclined,  then  verticiil,  following  it  in  its 
course,  and  the  depth  reached  is  350  feet.  Between  walls  the  lode  is 
from  3A  to  5  feet  thick.  Near  the  western  end  of  the  Winnebago  claim 
the  vem  seems  to  split ;  but  as  it  does  not  split  into  two  equal  halves, 
and  the  continuation  of  the  vein  can  be  traced  westward  on  the  surface, 
there  is  reason  to  believe  that  this  lode  connects  with  Casto,  which  is  a 
little  farther  west,  running  through  granite  and  gneiss,  partially  being 
contact  between  the  two. 
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Following  the  example  of  the  main  lodes  of  this  region,  the  chief  ore 
is  pyrite  and  chalcopyrite,  as  seen  in  Plate  III,  but  galenite  and  spha- 
lerite begin  to  make  their  appearance  in  more  connected  quantities. 
Quartz  and  feldspar  compose  the  gangue-rock.  Wherever  granite  forms 
the  one  wall  of  a  lode,  the  feldspathic  compounds  appear  in  greater 
quantities  in  the  gangue  than  in  other  formations,  or  even  in  such  where 
the  granite  is  hard  and  finegrained.  In  that  case  the  gangue  is  mostly 
quartz  alone,  or  the  ore- veins  are  found  to  traverse  the  granite  itself, 
without  any  younger  formation  of  gangue-rock  appearing. 

Of  minerals,  only  the  four  mentioned  above  are  found,  besides  native 
gold.    Pyrite  occurs  here  in  cubical  crystals  as  well  as  in  dodecahedral. 

The  Gunuell  lode  is  situated  on  Gunnell  Hill  to  the  west  of  Cen- 
tral, and  has  a  strike  of  about  east  S^  north.  It  has  been  one  of  the 
most  productive  veins  of  that  region,  and  is  supplied  with  a  number  of 
shafts,  the  levels  driven  in  the  different  claims  mostly  connecting  under- 
ground. Of  those  claims  located  on  this  lode,  the  following  were  vis- 
ited :  Gunnell,  Pippin,  Coleman,  and  Peers.  The  latter  had  not  reached 
a  depth  of  more  than  120  feet  at  that  time,  and  nothing  but  surface-ore 
was  obtained,  while  the  shafts  on  other  claims  had  been  sunk  much 
deeper.  The  peers  varied  from  4  to  6  feet  between  walls,  with  a  body 
of  ore  6  inches  to  2  feet  thick,  mostly  decomposed  pyrite. 

On  the  Pippin  claim,  the  shaft  has  reached  a  depth  of  about  415  feet, 
and  a  number  of  levels  have  been  worked  out  on  either  side.  Along 
its  entire  length,  the  Gunnell  runs  in  gneiss,  modified  somewhat  in  tex- 
ture and  structure,  so  as  to  be  termed  a  granitic  gneiss.  It  has  clean, 
well-defined  walls,  with  a  slight  dip  to  the  south,  varying  in  different 
parts  of  the  mines.  A  number  of  small  veins,  from  mere  seams  up  to 
more  than  half  a  foot,  run  into  the  main  vein,  in  two  instances  travers- 
ing it,  but  apparently  extending  only  a  short  distance  on  either  side. 

Scarcely  anj^  difference  can  be  observed  in  the  character  of  the  ore 
from  that  of  other  mines  previously  described,  except  the  i)resence  of 
greater  quantities  of  chalcopyrite.  Pyrite  has  a  tendency  to  accumulate 
in  long  sheets  in  several  horizons  throughout  the  vein  of  the  Pippin 
claim,  which  measures,  on  an  average,  4  feet  in  thickness.  As  usual,  the 
gangue  is  com])08ed  of  quartz,  having,  however,  far  less  feldspar 
than  in  those  veins  that  are  in  contact  with  granite. 

Of  minerals,  the  following  were  found  in  this  mine :  Pyrite,  chiefly 
massive,  otherwise  in  cubical  crystals,  in  distinction  to  the  more  cen- 
trally located  mines,  where  they  are  dodecahedral ;  chalcopyiit^,  sphal- 
erite, galenite,  melaconite,  (as  a  result  of  the  decomposition  of  chalcopy- 
rite,) quartz-crystals,  and  native  gold.  In  the  gangue,  quartz,  feldspar, 
and  some  talc  were  contained. 

A  shaft  of  about  250  feet  in  depth  has  been  sunk  on  the  Coleman 
claim,  to  which  almost  all  the  characteristics  given  for  the  Pippin  will 
apply.  Between  walls,  the  vein  is  a  little  thicker  here  than  in  the  Pip- 
pin, averaging  from  5  to  (>  feet.  At  a  depth  of  240  feet,  a  cross-section 
of  the  vein  was  taken,  which  can  give  an  idea  of  the  distribution  of  the 
ore,  (Plate  III.)  On  either  side,  nearest  to  the  wall,  is  a  very  consider- 
able segregation  of  pyrite,  intimately  associated  with  chalcopyrite,  and 
interspersed  with  gi'ains  and  threads,  even  small  massive  quantities  of 
sphalerite  and  galenite.  Next  to  that,  toward  the  center,  quartz  sets 
in — a  light- gray  to  white  quartz — containing,  disseminated  all  through  it, 
numerous  small  particles,  mainly  of  pyrite,  but  also  of  the  other  miner- 
als occurring.  In  this  mine  there  is  but  very  little  dip  noticeable  in 
the  vein,  which  is  bordered  by  clean  walls.  Its  minerals  are  identical 
with  those  of  the  Pippin.    In  all  its  parts,  the  Gunnell  shows  a  very 
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great  uniformity,  which  can  be  very  well  noticed,  as  it  is  conveniently 
opened  to  some  depth  at  a  number  of  points. 

The  Grand  Army  mine,  located  west  of  Gunnell,  with  a  strike  of  about 
east  220  north,  may  be  only  a  spur  or  portion  of  the  deflected  Gunnell 
lode,  although  the  connection  has  not  been  traced  thus  far. 

The  Prize  lode,  located  to  the  southwest  of  Gunnell,  at  one  time  en- 
joyed a  considerable  reputation,  but  was  not  working,  however,  while  I 
was  there.    Its  strike  is  somewhat  out  of  course,  being  east  32^  north. 

Crossing  Nevada  Gulch,  and  traveling  over  southward,  we  reai*.h 
another  locality  that  abounds  in  lodes,  some  of  which  are  quite  hirge,  and 
have  proved  remunerative, while  others  have  been — perhaps  temporarily — 
abandoned.  This  locality  is  Quartz  Hill,  so  named  from  the  numerous 
little  quartz  crystals  that  have  been  and  are  still  found  there  in  the  de- 
composed granite.  A  long,  narrow  hill,  it  stretches  along,  sloping  off 
gently  from  west  to  east,  more  steeply  on  its  two  sides.  Where  the 
steepest  ascent  from  the  north  has  been  completed,  where  the  gneiss 
stops  and  granite  sets  in,  there  we  find  the  first  vein — the  Kansas  lode. 
As  most  others,  this  lode  is  divided  into  a  number  of  claims,  owned  by 
various  individuals  and  corporations.  It  is  mainly  of  the  claim  worked 
by  the  Kansas  Mining  Company  that  I  shall  speak.  Taking  the  entire 
Kansas  lode,  its  course  is  about  east  3^  north,  until  it  deflects  about  S^ 
southward,  near  the  Waterman  shaft. 

Along  its  entire  course  it  is  a  contact-vein,  between  gneiss  on  the 
north  and  granite  on  the  south  side,  keeping  a  tolerably  even  thickness 
of  the  vein,  but  varying  in  the  angle  of  the  southerly  dip  from  10^  to 
30^.  The  thickness  of  the  vein  is  between  3  and  4  feet,  with  a  good 
body  of  ore,  which  receives  and  sends  out  quite  a  number  of  shoots  from 
and  into  either  wall,  while  some  cross  the  main  vein ;  and  in  this  case 
the  intersections  prove,  as  a  rule,  to  be  richer  than  the  other  portions. 
Converging  in  one  direction  are  the  Camp  Grave,  (which  joins  the  Kan- 
sas as  Waterman  shaft,)  the  Kansas,  and  the  Burroughs,  but  whether 
they  actually  do  come  together  and  form  one  strong  vein — what  miners 
would  term  a  "  mother-lode" — seems  doubtful.  Near  the  eastern  end  of 
the  Kansas,  Tascher's  claim  is  located,  with  a  shaft  of  90  feet  in  depth, 
just  about  having  gone  through  the  surface-ore  and  reached  the  undo- 
oomposed  material.  The  vein  is  4  feet  to  5  feet  wide  here,  with  a  south- 
ward dip  of  about  12^,  still  continuing  on  eastward.  West  of  Kansas 
claim  is  the  Waterman  shaft,  which  dips  at  about  2(P  to  the  south,  re- 
taining its  character  as  a  contact- vein. 

Minerals  found  in  the  Kansas  are  identical  with  those  from  the  lodes 
previously  spoken  of,  the  only  diflerence  being  that  the  cubical  form  is 
almost  exclusively  the  only  one  for  pyrite.  Sphalerite  begins  to  grow 
a  little  more  abundant  than  it  was  in  the  central  portion  of  the  mining- 
region.  The  ore  of  this  lode  is  said  to  yield  good  pay,  continuing  an 
appreciable  quantity  of  gold. 

South  of  the  Kansas,  running  almost  parallel  with  it,  is  the  Monte 
Cristo  Lode,  having  its  course  entirely  in  gneissic  granite,  striking  east 
7®  north,  with  the  dip  almost  vertical.  A  number  of  small  veins,  of  in- 
ferior thickness,  come  in  to  the  main  one  from  the  southeast.  About 
90  feet  west  of  the  shaft,  the  vein  splits  into  two  of  somewhat  unequal 
size,  which  seem  to  remain  separated,  the  gap  between  them  widening 
with  increasing  depth.  Two  hundred  and  ten  feet  the  shaft  has  been 
sunk,  and  at  that  depth  the  vein  is  found  to  concentrate  its  ore,  which 
is  more  loosely  distributed  through  it  higher  up  into  a  body  of  pyrite 
and  chalcopyrite  9  to  10  inches  thick.    The  ordinary  width  between  walls 
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is  3  J  to  4  feet.    The  minerals  of  this  mine  do  not  vary  from  those  of  the 
others,  either  in  relative  qnantity  or  mode  of  occurrence. 

South  of  the  Monte  Cristo  are  the  Gardner  and  Illinois,  of  a  little 
more  northerly  strike,  neither  of  which  was  worked  during  mj"  stay. 
The  distribution  of  the  precious  metals  seems  to  vary  constantly,  and 
thus  far  science  has  not  been  able  to  i)roduce  a  guide  whereby  mistakes 
can  be  avoided  in  the  appreciation  of  the  relative  or  absolute  value  of 
ore  from  lodes  contiguous  to  those  yielding  good  profits.  In  no  branch, 
perhaps,  is  a  want  of  this  kind  so  keenly  felt  as  in  mining,  where  experi- 
ence must  always  be  bought  at  a  high  price.  Upon  a  large  number  of 
lodes  in  the  district  at  present  under  consideration,  large  sums  of  money 
have  been  expended,  but  the  owners  or  workers  were  obliged  to  aban- 
don them — temporarily,  it  may  be  hoped — for  some  pursuit  more  re- 
munerative. The  Alps  lode,  to  the  southwest  of  the  Illinois,  is  reported 
as  having  been  doing  very  well  some  years  since. 

Besides  the  mines  that  have  been  enumerated  here,  quite  a  number  of 
small  ones  are  in  operation,  only  presenting  features  that  would  essen- 
tially repeat  those  given  above,  or  possessing  no  further  interest.  On 
the  other  hand,  a  considerable  percentage  of  the  more  important 
mines  were  closed  during  the  short  time  of  my  stay,  partly  on  account 
of  the  inability  of  owners  to  resume  w^ork,  partly  on  account  of  the 
spring-waters  filling  the  levels  and  shafts,  so  that  the  facts  given  of  the 
gold-mines  of  this  section,  taken  as  a  whole,  must  necessarily  be  incom- 
plete. 

There  yet  remain  to  be  treated  of,  five  lodes  belonging  to  this  region, 
located  on  the  outer  edge  of  what  might  be  termed  the  lode-circle. 

The  Forks  lode,  situated  on  Quartz  Hill,  in  the  immediate  neighbor- 
hood of  the  California,  Mercer,  and  Flack,  has  a  strike  of  east  10^  north. 
Gneissic  granite  composes  the  walls  on  either  side,  which  are  smooth 
and  well  defined,  the  hanging  one  dipping  about  25^  to  the  south.  At 
present  the  working-shuft  is  250  feet  distant  from  the  discovery-shaft, 
located  on  the  line  of  intersection  of  the  Helos  with  the  Forks,  on  which 
it  remains  down  through  its  entire  depth  of  517  ieet.  Keeping  on  reg- 
ularly in  its  course,  the  Forks  shows  verj'  little  deviation  either  in  direc- 
tion or  in  thickness  of  vein  between  walls ;  the  thickness  is  about  5  feet. 

Both  the  Forks  and  Helos  are  galena  veins,  and  have  as  such  afforded 
already  a  large  quantity  of  that  mineral,  but  the  main  reliance  for  re- 
muneration is  upon  the  silver  contained  therein.  To  some  extent  only 
has  the  Helos  been  worked,  as  the  Foiks  showed  a  larger  body  of  ore. 

Of  minerals,  mainly  galenite  and  sphalerite  are  found,  mixed  with  small 
amounts  of  pyrite  on  chalcopyrite.  Galenite  occurs,  from  the  very  fine- 
grained feathery  variety  to  the  coarsegrained  breaking  in  cubical 
fragments.  Argentite  is  contained  between  the  single  crystals  of  the 
latter.  Of  a  similar  character  is  the  J.  P.  Whitney,  although  scarcely 
developed  sufficiently  to  admit  of  any  opinion.  This  also  is  a  galena- 
vein,  showing  at  a  depth  of  50  feet  a  body  of  galena  12  inches  in  thick- 
ness, with  other  portions  of  the  same  mineral  at  either  side  of  the  walls. 
(Plate  IV.)  Pyrite  and  chalcopyrite  occur  as  ores,  and  yield  a  small 
amount  of  gold  ;  but  silver  is  the  main  object  for  mining  here;  strike  is 
east  12^  south.  Besides  galenite,  sphalerite,  pyrite,  and  chalcopyrite, 
we  find  small  quantities  of  argentite  and  cerussite. 

The  Dallas  lode  is  location  the  eastern  slope  of  the  hill  immediately 
north  of  Black  Hawk.  It  has  been  worked  quite  extensively,  and  the 
vein  ciin  bo  traced  along  for  nearly  1,000  feet.  Contrary  to*  the  usual 
course,  it  strikes  a  little  south  of  east ;  the  exact  number  of  degrees  could 
not  be  determined  by  the  compass  on  account  of  strong  local  attraction. 

19  a  s 
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A  southeasterly  dip  of  about  15°  to  2(P  is  noticeable.  The  thickness 
of  the  vein  between  walls  varies  from  6  to  10  feet  along  its  line  of 
exposure  as  well  as  going  down  deeper.  Galena,  mostly  of  the  fine- 
grained variet}^,  forms  a  large  body  of  ore  in  the  vein,  associated  with 
sphalerite  and  some  pyrite,  while  the  gangue-rock  is  made  up  of  quartz, 
with  a  small  amount  of  calcite.  At  this  point,  the  sulphuret  of  cadmium, 
greenockite,  was  found  in  a  specimen  of  sphalerite,  w  hich  had  been 
thrown  out  on  the  dump  several  years  since.  In  no  other  mine  or  other 
dump  was  this  mineral  found,  although  search  was  made  for  it.  Besides 
the  minerals  mentioned  above  as  occurring,  there  is  chalcopyrite  and 
cerussite. 

The  Running  lode  is  the  last  one  of  these  galena  lodes,  and  is  situated 
on  Itunning  Hill,  southwest  of  Black  Hawk.  Its  course  is  almost  duo 
east  to  west,  with  a  vertical  <lip.  For  700  feet  the  vein  has  been  traced 
and  partially  worked,  reaching  a  depth  of  about  100  feet.  Single 
streams  of  galenite  are  distributed  throughout  the  vein,  (Plate  IV,) 
running  parallel  to  its  walls,  but  toward  the  west  they  seem  to  consoli- 
date into  one  mass,  iormiug  a  galena-vein  14  to  15  inches  in  thickness. 
Sphalerite  occurs  quite  abundantly;  less  so  pyrite  and  chalcopyrite, 
which  are  both  found  in  thin  seams,  or  dispersed  throughout  the 
ganguerock.  This  latter  is  composed  mainly  of  quartz,  with  some  feld- 
spar and  magnesite. 

These  four  lodes  are  perfectly  isolated  in  their  character  as  well  as  in 
their  position  from  all  the  others,  and,  althongh  they  show  but  little 
deviation  from  the  ordinary  strike  and  dip  of  the  others,  their  occur- 
rence seems  out  of  the  regular  order  of  things.  In  explanation,  if  one 
were  desired,  the  view  might  be  oftered  that,  provided  heat  was  ever 
one  of  the  agents  in  forming  those  lodes,  those  metals  requiring  a  lesser 
temperature  for  volatilization  are  now  found  to  be  removed  farthest 
from  the  center  of  the  vein-system. 

Another  lode  that  has  become  famous  for  its  production  in  quantity 
of  a  mineral  thus  far  regarded  as  skrare  species  is  the  Wood  lode,  sit- 
uated to  the  north  of  the  creek  in  Leavenworth  Gulch,  also  outside  of 
the  regular  vein-circle.  With  both  walls  of  granite,  it  strikes  about 
east  3^  north.  When  I  visited  it,  the  shaft  was  full  of  water,  and  it 
was  impossible  to  get  access.  Besides  pro<lucing  the  unparalleled  yield 
of  pitchblende,  it  is  said  to  pay  well  in  gold  ;  but  as  I  have  no  reliable 
data  with  reference  to  the  mine  at  all  beyond  the  fact  that  it  contained 
and  probably  still  contains  pitchblende,  it  may  be  justifiable  to  stop 
here. 

It  remains  to  be  said,  with  reference  to  the  minerals  found  in  .and 
belonging  to  the  various  lodes,  that,  almost  without  exception,  pro- 
ducts of  decomposition  may  be  collected  on  the  dumps;  for  instance, 
pseudomorphs  of  limouite  after  pyrite,  sulphates  of  iron,  copper,  and 
zinc,  and  others.  A  portion  of  the  soluble  sulphates  is  carried  off  by  the 
waters  w^ashing  down  the  hills,  and  transferred  thereby  into  Clear  Creek, 
which  carries  them  in  solution  for  a  long  time,  and  evidently  does  not 
deposit  them  until  it  reaches  the  plains.  I  have  observed  that  if  some 
of  the  deposit  of  Clear  Creek  was  taken  at  Fishei^'s  ranch,  which  is 
only  five  miles  from  Denver,  and  rubbed  on  a  bright  iron  or  steel  knife- 
blade,  after  having  been  slightly  moistened,  metallic  copper  would  at 
once  be  deposited  on  the  blade,  owing  to  the  sulphate  of  copper,  which 
had  been  carried  down  for  about  forty  miles  and  deposited  at  that  point. 

After  having  examined  the  greater  portion  of  the  main  lodes  of  this 
district  with  a  view  to  determining  their  correlation  as  well  as  their 
persistency,  the  deduction  seems  justifiable,  based  upon  the  observed 
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features  of  numerous  veins,  that  practically  their  depth  is  inexhausti- 
ble; that  they  are  what  is  popularly  termed  true  fissure-veins,  although 
their  yield  of  the  precious  metals  may  fluctuate.  All  observations  of 
strikes,  &c.,  have  been  given  in  the  true,  not  magnetic,  meridian,  allow- 
ing 150  deviation  for  the  reduction.  Local  attraction  is  very  strong  at 
times,  and  the  best  way  of  getting  the  true  course  was  to  locate  the 
lodes  on  a  map  prepared  for  field-use. 

When  first  that  mining-region  became  known,  a  great  deal  of  gold  was 
obtained  from  the  gulches,  where  it  had  accumulated  forages;  but, 
although  gulch-mining  is  still  carried  on  to  a  small  extent,  practically 
that  source  for  obtaining  the  precious  metal  has  ceased.  It  follows 
necessarily  that,  with  the  decrease  of  the  production  of  gulch-gold, 
the  mining  industry  will  rise,  provided  the  veins  are  sufficiently  rich  to 
be  remunerative.  That  this  is  the  case  is  demonstrated  by  the  fact 
that  quite  a  number  of  mines  have  been  in  operation  now  for  several 
consecutive  years.  Were  it  not  that  reported  discoveries  of  new  min- 
ing-districts, more  i^rolific  than  those  occupied  at  the  time,  attracted 
labor  and  capital,  the  development  of  these  older  regions  would  have 
progressed  much  more  rapidly.  Nevertheless,  it  seems  highly  probable 
to  me  that  when  labor  will  be  cheaper,  and  competition  reduces  the 
smelting-processes  to  their  most  economical  form,  the  mines  of  a  dis- 
trict like  the  one  under  consideration  will  rank  by  far  higher  than  at 
present. 

Although  not  strictly  within  the  limits  that  have  been  assigned  to 
these  examinations,  I  wish  to  say  a  few  words  about  the  treatment  of 
the  ores.  Formerly,  when  a  large  proportion  of  ores  could  be  classed 
as  surface-ores,  the  process  of  amalgamation  returned  very  favorable 
results ;  but  experience  has  shown  that  either  the  ore  from  lower  depths 
is  not  so  rich  as  that  found  nearer  the  surface,  or  there  is  a  defect  in 
the  process.  It  must  be  admitted  that,  as  a  rule,  the  lower  ores  will  not 
be  quite  so  rich  as  those  from  the  surftice,  because  the  particles  of  gold 
that  have  weathered  out  may  accumulate  on  the  surface  to  some  extent 
and  produce  a  higher  average  percentage  of  the  metal.  On  the  other 
hand,  the  recognition  and  appreciation  of  this  fact  turns  upon  the  ques- 
tion, Is  gold  contained  in  the  ore  as  a  compound  I  An  answer  to  this 
would  answer  the  other  question.  Significant  remains  the  fact  that, 
while  a  number  of  mills  and  other  amalgamation  establishments  have 
failed  and  have  been  abandoned,  the  few  smelting- works  that  have  been 
constructed  upon  and  regulated  by  a  reasonable  basis,  not  attempr.ing 
to  introduce  processes  that  looked  very  well  when  regarded  in  the  light 
of  a  reminiscence  of  alcbemistical  experiments,  have  thus  far  been  suc- 
cessful in  their  treatment  of  ores. 

Through  the  kindness  of  Mr.  Hill,  of  Black  Hawk,  I  have  been  sup- 
plied with  a  schedule  of  the  prices  he  pays  for  ores  delivered  at  his 
smelting- works :  Ores  containing,  per  ton,  $50,  charges  for  smelting 
$35,  pays  $15;  ores  containing,  per  ton,  $100,  charges  for  smelting  $40, 
pays  $G0 ;  ores  containing,  per  ton,  $150,  charges  for  smelting  $45,  pays 
$105 ;  ores  containing,  per  ton,  $200,  charges  for  smelting  $50,  pays  $150 ; 
and,  in  addition  to  this,  $1.50  for  every  per  cent,  of  copper  in  2,000 
pounds.    All  the  prices  of  this  schedule  are  in  currency. 

Since  returning  from  the  field,  I  have  been  informed  that  Mr.  Hill  has 
erected  quite  extensive  refining- works,  and  instead  of  sending  his  matter 
to  Swansea,  England,  as  heretofore,  it  is  refined  there,  and,  according  to 
st^atements  received,  with  very  satisfactory  results. 

Jjately  some  concentration-works  have  been  put  up  in  Colorado,  partly 
not  quite  completed,  partly  still  in  their  infancy,  so  that  but  little  can 
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bo  said  about  tbem.  It  is  evideut  that  if  all  tlie  finely-disseminated 
uietalliforous  minerals  could  be  collected  at  a  moderate  expense,  and 
their  valuable  constituents  extracted,  a  conHidemblc  saving  would  be 
effected  in  the  expenses  of  mining.  To  this  end  it  becomes  necessary  to 
concentrate  the  ores,  to  separate,  by  such  means  as  may  be  found  most 
effective  and  cheapest,  the  dead  rock  from  the  valuable  minerals  that 
are  contained  in  it.  Although  but  small  beginnings  have  been  made  iu 
that  direction,  it  is  to  be  hoped  that  they  will  succeed,  and  raise  the 
productions  of  the  mines  by  the  more  economical  treatment  of  ores.  Iu 
Europe,  concentration  of  ores  has  become  a  ma'^ter  of  vital  imi)ortance, 
and  in  our  western  country  it  would  greatly  assist  mining  enterprise, 
although  it  is  not  yet  so  imperatively  demanded. 

Mining  is  carried  on  economically,  as  a  rule,  in  this  as  well  as  in  the 
other  districts  of  Colorado.  Ordinarily  a  shaft  is  sunk  down  on  the  vein, 
which  is  a  matter  of  little  dilliculty  remembering  the  surprising  regu- 
larity of  the  dips.  From  this  shaft,  which  usually  follows  the  dip, 
levels  are  struck  off  into  either  side  of  the  vein,  sometimes  certain  dis- 
tances apart,  sometimes  at  random,  or  according  to  the  prospects  of 
Unding  a  large  body  of  ore.  These  levels  are  driven  either  to  the  limits 
of  the  claim  or  their  termination  is  induced  by  a  deterioration  of  the  ore, 
or  an  irregularity  of  the  vein  that  may  be  destructive  to  the  ore- body. 
By  means  of  overhand  and  underhand  stoping,  the  ore  is  taken  out,  and 
conveyed  either  on  a  tramway  or  by  hand  to  the  shaft,  and  thence  hoisted 
up  by  steam-power,  horse-power,  or  by  a  hand-windlass.  Should  the 
mine  be  more  extensive,  other  shafts  are  sunk,  as  necessity  may  require 
it;  vertical  connections  between  the  different  levels  are  made,  partly  to 
facilitate  the  extraction  of  ore,  partly  to  regulate  the  supply  of  fresh  air ; 
and  a[)pai*atus  for  controlling  the  collecting  waters  are  constructed. 
Mr.  Hague,  in  his  report  on  the  mining  industry  of  Colorado,  has  dwelt 
considerably  upon  these  points,  and  to  his  book  I  would  refer  any  one 
seeking  information  with  regard  thereto. 

In  illustration  of  the  above  remarks,  a  diagram  representing  the  work 
done  in  the  Monte  Cristo  mine  is  given  on  Plate  Y.  The  dark  shades 
indicate  how  much  of  the  ore  has  been  taken  out. 

A  continuation  of  this  process  of  extracting  the  ore  throughout  the 
entire  vein  from  the  surface  downward  sei'.ms  to  have  one  disadvantage, 
however.  I  am  fully  aware  that  a  methoil  of  this  kind  is  demanded  by 
the  very  simple  fact  that  the  men  owning  and  working  the  greater  por- 
tion of  the  mines  are  not  men  of  capital,  and  it  is  necessary  that  they 
should  derive  from  their  mines  as  much  remuneration  as  possible  at  the 
smallest  expense.  Therefore,  they  rob  the  vein  of  all  its  contents  so  far 
as  of  any  use  to  them  directly  from  the  surfiico  downward,  frequently 
along  the  entire  extent  of  their  claim,  leaving  a  long,  narrow  ai>erture  in 
the  hill,  on  which  they  may  be  working,  of  sometimes  100  feet  in  depth. 
It  is  evident  that  in  course  of  time  progressing  decomposition  of  the 
rock  exposed  to  atmosi)heric  influences,  among  which  the  accumulation 
of  snow  in  the  crevice  thus  formed  is  one  of  the  strongest,  combined 
with  the  more  or  less  direct  pressui^e  which  is  experienced  by  the  rocks 
on  either  side  of  this  fissure,  will  result  in  rendering  the  walls  very  un- 
safe— so  much  so,  perhaps,  that  great  expense  must  bo  incurred  liere- 
after  if  operations  are  pushed  farther  downward  in  the  same  mines. 

As  stated  above,  Mr.  Briggs  has  kindly  furnished  me  with  some  data 
regarding  price  of  labor,  conditions  of  contracts,  &c.  Tbis  was  in  May 
and  June,  1S73.  The  wages  of  a  miner  per  day  are  $3  to  $3.50  for  work 
in  the  mine,  lasting  ten  hours  during  the  day,  nine  during  night.  Brake- 
men  receive  $3.50  for  twelve  hours'  work.    When  leasing  a  mine,  the 
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lessee  usually  gives  the  owner  a  certain  percentage  either  of  brutto  or 
netto.  In  leasing  the  Gregory  extension,  which  may  be  regard  ed  as  a 
typical  lease,  the  following  conditions  were  agreed  to :  Briggs  furnishes 
the  steam  or  horse  power ;  the  lessees,  the  brakeman.  One-quarter  of 
tbe  cost  of  crushing  is  paid  by  Briggs,  unless  they  crush  any  mill  but 
his  own.  In  the  latter  case  they  pay  the  entire  cost.  Briggs  supplies 
drills,  shovels,  hammers,  &c. ;  they  replace  hammer-handles,  &c.  On  ores 
up  to  C  ounces  per  cord,  they  pay  Briggs  25  per  cent. ;  over  6  ounces 
they  pay  from  40  to  50  i)er  cent.  Of  the  smelting-ore  of  8100  per  ton, 
they  pay  25  per  cent. ;  ovqt  $100  per  ton,  they  pay  50  jier  cent.  On  a 
six  months'  lease  they  must  sink  30  feet.  Briggs  has  the  right  to  retain  30 
per  cent,  of  the  profits  as  a  guarantee  that  this  shall  be  done.  Briggs  fur- 
nishes the  timber,  and  the  lessees  are  requii*ed  to  timber  the  mine  and 
ketip  it  in  good  order.  A  foreman  usually  receives  but  low  wages^  but 
has  a  small  percentage  of  the  net  profits,  however. 

Subjoined  is  the  statement  of  Mr.  Mills,  the  data  of  which  are  taken 
from  tlie  Monte  Cristo  mine : 

* 

2Ionfe  Crifito  Mine^  on  Quartz  Hill,  Nevada,  mining-district,  oicned  and  worked  by  James 
Mills,  Central  City,  Colo. — Statement  for  one  year,  lS72f  having  Uvominent  at  icork,  engaged 
per  day. 


EXPENSES. 


25|  cords,  or  304  tonB,  of  uiiU-ore, 


RECEIPTS. 


Yield  of  25|  cordH,  or  204  tons, 


and  14:/\,\,H^  tous  smelting-ore . .      $(57  67  i      mill-ore $3, 132  G6 


Wages  lor  minors 2,  UIO  00 

Hauling 175  50 

Milling 704  50 


2, 969  67 


Yield  of  14/i7Jo  tous  smelt iug- 
oro 1,158  17 


4,290  S3 
2, 969  67 


Balance 1.321  16 

Milling-ore : 

Yield  of  25i  cords  '©  $122.88  per  cord,  (204  tons  ©  $15.36  per  ton) $3, 132  66 

Smelting-ore : 
Yield  of  14 /jy\)  tons 'S)  $81.05  per  ton 1,158  17 

Total 4,290  83 

GROSS  COST. 

Hnnning  mine-expenses,  wages,  baaling,  and  milling:  Milling-ore,  25^  cords,  $110.60 
per  cord  ore;  204  tons  milliug-ore,  $13.82|^per  ton. 

Average  assay  of  smelting-ore,  (returns  from  Boston  Colorado  Smelting  Company :) 
14/o\H)  tons  ore :  gold,  2f  ounces  per  ton  ;  silver,  5|  ounces  per  ton. 

PROFIT. 

Milling-ore :  25^  cords,  §12.20  per  cord ;  or,  204  tons,  $1.52^  per  ton. 
Smelting-ore:  14/o\i()  tons,  $70.67^  per  ton. 
Prolit  oii  total  expense  of  $2,969.67,  $1,321.16,  or  44^  per  cent. 

Improvements  overground  as  well  as  underground  were  made  during  the  time,  and 
tbe  mine  kex>t  in  good  condition. 

PART    II. 

Differing  from  the  lodes  of  the  Gilpin  County  mining-district  are 
those  located  near  Georgetown,  in  Boulder  County,  the  most  extensive 
silver-mining  district  working  at  present  in  Colorailo. 

Traveling  upward  along  South  Clear  Creek  in  a  westerly  direction,  the 
canon,  which  has  been  narrow  for  some  disUuice,  suddenly  begins  to  open 
out  into  a  wide,  fertile  valley  of  triangular  sbape,  bordered  on  every 
side  by  steep  mountains  rising  abruptly  from  it.  In  this  valley,  in  its 
upper,  broadest  portion,  the  mining  city  Georgetown  is  located,  almost 
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as  if  selected  for  the  beauty  of  the  spot  more  than  for  the  metal  riches 
surrouuding  it.  Unlike  Central,  the  mines  are  not  located  within  and 
all  aronnd  the  town;  the  mount^iins  have  not  been  deprived  of  their  tim- 
ber, have  not  had  every  stone  on  their  slopes  overturned  in  the  search 
for  treasures ;  nothing  reminding  too  strongly  of  civilization  has  marred 
the  natural  harmony  of  this  secluded  valley.  Steep,  rocky  slopes  of  the 
mountains,  with  deep-cut  ravines,  set  off  to  advantage  the  peaceful  ap- 
pearance of  the  town  they  surround. 

Two  branches  of  South  Clear  Creek  unite  a  little  below  Georgetown, 
and  it  is  on  the  sides  of  the  canons  that  they  have  formed  that  the  greater 
portion  of  the  principal  silver-lodes  are  found.  A  number  of  veins  have 
l)een  claimed,  and  temporarily  worked,  east  of  Georgetown,  on  the  north- 
ern slope  of  Bald  Mountain  and  several  others,  but  little  progress  had 
been  made  there. 

The  main  rock  of  that  locality  is  a  granitic  gneiss,  a  curious  mixture 
of  the  two,  at  times  shading  into  each  other  very  gradually,  at  times 
showing  an  abrupt  line  of  junction.  Slides  and  local  faults  have  dis- 
turbed it  to  a  considerable  extent ;  noteworthy  it  is,  however,  that  the 
lodes  have  been  affected  thereby  but  very  little.  Local  contortions  have 
taken  place  in  the  schistose  gneiss,  which  appears  as  such  in  a  great 
many  places,  but  within  it  can  be  found  masses  of  greater  or  less  dimen- 
sions that  would  be  regarded  as  granite.  Characteristic  of  that  forma- 
tion may  be  regarded  the  almost  entire  absence  of  mica  in  those  gran- 
itoid portions,  while  the  gneiss  is  very  abundantly  sui)plied  with  iU 
Besides  this  granitic  gneiss,  a  typical  granite  occurs  in  these  mountains, 
which  I  have  become  accustomed  to  associate  with  the  appearance  of  the 
main  lodes.  It  is  of  a  brownish-gray  to  light-brown  color,  rising  up  in 
steep  bluffs  parallel  to  the  trend  of  the  mountains  on  their  slopes 
and  sometimes  crests.  Harder  and  more  compact  than  the  surrounding 
material,  it  has  better  resisted  the  destroying  agents  of  atmospheric  influ- 
ences. Frequently  the  line  of  demarkation  between  the  granitic  gneiss, 
which  I  am  inclined  to  regard  as  older,  is  sharp  and  well  delined  for 
some  distance,  while  at  other  points  the  two  gradually  change,  one 
into  the  other,  similar  to  the  fusing  together  of  two  differently -colored 
glass  rods  in  high  temperature.  In  several  instances,  bands  of  white 
and  yellowish  quartzite  iiccompany  the  junction,  or  loaii  accumulations 
of  mica  alter  the  rock  into  a  mica-schist  near  those  places,  while  the 
feldspar  is  then  represented  but  very  sparingly,  quartz  more  abun- 
dantly. Black  mica  is  a  inominent  constituent  of  this  granite  that 
belongs  to  the  porphyritic  varieties;  oligoclase,  quartz,  and  orthoclase 
making  up  the  rest.  At  the  time  of  my  visit,  early  in  June,  alujost  all 
the  mountain-tops  were  still  covered  with  several  feet  of  snow,  so  that 
examinations  regarding  the  horizontal  extent  of  this  granite  could  not 
be  made  so  carefully  and  comprehensively  as  I  might  have  wished  it, 
although  more  time  would  have  been  required  than  I  could  si>are.  One 
of  the  most  typical  points  of  exposure  is  to  be  found  on  Brown  Mountain, 
at  the  Terrible  lode,  where  this  material  rises  considerably  above  the 
granitic  gneiss,  presenting  a  long  line  of  steep,  smooth  surface  toward 
the  caiion.  Going  farther  westward,  the  granite  seems  to  partiike  more 
of  its  normal  character,  until  that  of  Mount  McClellan,  about  nine  miles 
from  Georgetown,  cannot  be  identified  with  the  one  just  mentioned.  So 
large  is  the  number  of  varieties  presented  by  the  granitoid  rocks  of  this 
region  that  local  observations  of  this  kind  can  give  but  a  very  i>oor 
conception  of  the  great  changes  that  take  place  and  repeat  thems(»lves 
within  comparatively  limited  areas.   I  will,  therefore,  take  the  libcTly  of 


EXDUCH.]  GEOLOGY — ^RELATIONS   OF  LODES.  295 

referring  to  Mr.  Marvine's  report  for  a  more  coDnected  and  comprehen. 
sive  discussion  of  these  interesting  features. 

Similar  to  tlie  conditions  observed  at  Central,  the  lodes  here  have 
mainly  two  strikes,  approximately  east  to  west  and  northeast  to  south- 
west, the  former  being  the  more  numerous  of  the  two.  They  show  great 
uniformity  in  dip,  which  is  mostly  near  the  vertical,  and  are  rarely  dis- 
turbed. But  few  of  the  mines  have  reached  any  considerable  depth,  so 
that  not  much  can  be  said  as  yet  about  their  character  of  persistency, 
unless  inferences  might  be  drawn,  judging  from  their  formation,  analo- 
gous to  that  of  other  well-known  localities. 

With  reference  to  the  relation  that  these  lodes  bear  to  the  adjacent 
rocks,  it  will  scarcely  be  possible  to  apply  a  single  rule  covering  all 
cases,  it  may  be  said,  I  think,  that  the  majority  of  them  follow  in 
their  course  approximately  the  course  of  the  porphyritic  granite,  are 
sometimes  contact  between  it  and  the  granitic  gneiss,  sometimes  have 
their  course  within  it,  and  in  other  cases  stand  in  no  connection  with  it. 
This  granite  may  probably  be  considered  intrusive,  although  its  age 
will  bo  by  far  prior  to  that  of  the  Central  City  granite,  possibly  even 
not  much  more  recent  than  that  of  the  surrounding  rock.  If  the  hy- 
pothesis of  filling  the  fissures  with  their  mineral-matter  by  the  agent  of 
heat  mainly  were  proved,  the  view  expressed  regarding  the  relative 
age  of  these  lodes  would  find  some  support,  inasmuch  as  the  metals 
mainly  found  in  them  all  have  a  lower  temperature  of  volatilization  than 
those  occurring  chiefly  at  Central ;  consequently  would  have  been  dis- 
missed first  from  the  common  reservoir.  Porphyry-dikes  not  infre- 
quently occur,  sometimes  intersecting  veins,  but  in  no  instance,  so  far 
as  could  be  observed,  occasioning  any  disturbance.  Usually  the  lodes 
traverse  the  gneiss  at  some  considerable  angle  to  its  dip;  only  in  rare 
cases  do  they  strike  and  incline  parallel  with  it.  In  the  latter  case  they 
seem  to  be  younger  than  in  the  former,  judging  from  their  mineralogi- 
cal  and  geognostic  character. 

Dikes  of  hornblende-rock,  with  eindote,  resembling  diorit«,  are  quite 
frequent  in  the  gneiss,  and  are  almost  invariably  accompanied  by  a  nar- 
row seam  of  minerals,  mostly  galena  and  blende.  Their  strike  is  at 
right  angles  to  that  of  the  ore-veins,  as  at  Central,  running  from 
north  to  south. 

Due  west  of  Georgetown,  8,412  feet  above  the  sea,  Leavenworth 
Mountain  rises  up  about  1,200  feet  above  the  valley,  and  it  is  on 
the  south  side  of  this  mountain  that  a  number  of  very  valuable  lodes 
were  found.  The  Colorado  Central,  having  a  course  about  east  10^ 
north,  is  located  on  the  south  side  of  this  mountain,  about  700  feet 
above  the  creek.  It  is  a  very  rich  silver-mine  as  far  as  the  chara<5t^r 
of  its  ore  is  concerned,  and  has  paid  well  ever  since  it  was  worked. 
Between  walls  the  vein  is  very  wide,  no  wall-rock  having  been  found 
on  the  south  side  as  yet,  although  nearly  30  feet  of  vein-matter  have 
been  cut  through.  The  north  wall  is  granite  and  well  defined ;  dip 
slightly  to  the  north.  Ore  traverses  the  entire  gangue-rock,  mainly  in 
the  direction  of  east  to  west,  branching  off,  however,  at  several  points 
into  seams  of  one-fourth  inch  to  an  inch  in  thickness,  which,  neverthe- 
less, pay  following,  owing  to  its  rich  character,  but  these  spurs  consoli- 
date at  places,  and  forma  solid  vein  of  ore  1^  feet  thick.  Near  thesurface 
of  the  lode,  a  mass  of  float-ore  occurs,  of  the  same  mineralogical  charac- 
ter a«  that  found  at  lower  depths,  although  its  position  there  seems 
somewhat  out  of  place  if  it  is  from  the  same  vein.  Quartz  and  feld- 
spar comi)Ose  the  gangue-rock — the  latter  mostly  decomposed — both 
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occurring  in  small  particles  a«  well  as  in  larger  pieces,  and  they  were 
probably  derived  from  the  surrounding  rock. 

As  yet  no  very  great  progress  bas  been  made  in  the  development  of 
this  mine.  A  shaft  of  85  feet  has  been  sunk,  and  several  short  levels 
started  in  both  at  the  bottom  and  before  reaching  it.  The  largo  percent- 
age of  silver  contained  in  the  ore  renders  it  advisable  to  follow  almost 
every  spur,  which  can  readily  be  done  in  the  soft  gangue-rock,  so  that, 
although  but  little  headway  is  made  in  the  working  of  the  vein,  it  yields 
large  profits.  At  the  western  extension  of  the  Colorado  Central,  a  nar- 
row dike  of  porphyritic  obsidian  crosses  the  vein  at  right  angles,  with- 
out, however,  occasioning  any  dislocation. 

Constituting  the  ore,  the  following  minerals  are  found :  galonite  and 
sphalerite,  containing  an  appreciable  percentage  of  silver ;  antinionial 
fahlerz,  stephanite,  argentite,  and  pyrargyrite  ;  the  latter  two  intimately 
associated  with  the  galenite,  the  fahlerz  occurring  in  masses  of 
more  than  several  i)ounds  in  weight.  None  of  these  minerals  are  crys- 
tallized, however,  but  occur  massive.  Galenite  is  found  from  the  very 
fine-grained  variety,  passing  through  every  phase,  to  the  coarse-grained, 
breaking  in  large  cubical  fracture. 

On  the  same  hill,  within  a  short  distJince  eastward  of  the  (Colorado 
Central,  is  the  Saco,  in  which  oi>erations  had  been  taken  up  again  but  a 
short  time  previous  to  my  visit.  It  strikes  almost  due  east  and  west. 
A  tunnel  of  320  feet  leads  to  the  vein,  the  main  ore  of  which  is  sphale- 
rite with  galenite.  As  at  the  Colorado  Central,  the  south  wall  had 
not  been  found,  allowing  a  very  considerable  width  for  the  fissure. 

The  Star  mine  is  close  by,  striking  parallel  with  the  Colorado  Cen- 
tral with  an  almost  vertical  dip.  At  the  time,  the  body  of  ore  was 
small,  mainly  on  the  south  side  of  the  lode. 

The  Equator  lode  was  not  worked  during  my  stay ;  it  has  a  strike 
of  approximately  northeast  to  southwest;  formerly  it  was  worked,  and 
yielded  good  pay. 

On  the  hill  opposite  Mount  Leavenworth,  to  the  south,  quite  a  num- 
ber of  small  lodes  have  been  found  and  temporarily  worked,  rarely 
yielding  sufficient  pay,  however,  to  warrant  a  continuation  of  opera- 
tions. They  seem  to  be  local  infusions  of  ore  between  the  strata  of 
gneiss. 

To  the  northwest  of  Georgetown,  on  IVIount  Sherman,  a  number  of 
remunerative  lodes  are  located,  undergoing  active  working.  One  of  the 
largest  and  richest  there  is  the  Pelican  lode.  As  far  as  could  be  deter- 
mined, considerable  local  attraction  interfering,  the  strike  of  the  Pelican 
is  about  north  16°  east,  with  a  vertical  dij).  The  vein  is  from  4  to  10 
feet  between  walls,  widening  somewhat  the  deeper  it  goes.  Another 
lode,  the  Elkhorn,  has  a  strike  of  north  35*^  east,  dipping  on  an  average 
20^  to  the  iKU'th.  This  Elkhorn  approaches  the  Pelican  both  on  a  hori- 
zontal and  vertical  projection,  and  w^hile  in  the  third  level  it  is  yet  30 
feet  distant  from  it,  80  feet  deeper  they  have  joined  ;  the  Pelican  keep- 
ing its  true  course  and  dip,  while  the  Elkhorn  accommodates  itself  to 
it.  Between  these  two  lodes,  the  intervening  rock  is  gueissic,  the  same 
forming  the  entire  south  wall  of  the  Pelican.  Although  there  is  a 
semblance  of  a  wall  on  the  north  side,  its  character  could  not  be  deter- 
mined; but,  judging  from  surface-outcrops,  it  seems  to  be  partly  gra- 
nitic, partly  gueissic.  A  dike  of  porphyry  is  said  to  cross  the  vein  in 
one  of  the  lower  levels.  Blende  and  galenite  mainly  constitute  the  ore, 
mixed  with  small  quantities  of  pyrite,chalco[)yrite,  argentite,  fahlerz,  and 
pyrargyrite.  At  the  point  where  our  section  was  taken,  (Plate  VI,)  in  the 
lowest  east  level,  the  vein  was  6  feet  thick,  containing  almost  in  the 


Plate  ■«. 
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center  a  body  of  galena-ore  of  aboat  18  inches,  intermixed  witli  blende, 
pyrite,  and  the  silver-ores  proper.  The  gangue-rock  is  composed  of 
qiaartz  and  feldspar  partly  decomposed. 

Another  section  of  a  central  portion  of  the  vein  was  obtained,  (Plate 
VI,)  given  in  varying  succession  layers  of  the  minerals  composing  the 
ore,  and  thus  showed  a  combed  texture.  The  single  layers  were  from 
one-half  to  one  inch  in  thickness,  and  not  all  of  them  could  be  given  in 
the  sketch. 

Minerals  found  are  those  mentioned  above,  none  of  them  presenting 
any  very  fine  crystals,  mostly  massive.  Their  character  is  such  as  to 
insure  a  very  rich  yield  of  silver  wherever  they  occur,  if  even  only  in 
small  quantities. 

A  tunnel  325  feet  in  length  leads  to  the  vein,  which  is  worked  upward 
and  downward  from  it,  having  reached  at  the  time  a  depth  of  82 
feet  below  the  tunnel-level.  Every  indication  of  persistence  is  shown 
by  the  lode  at  that  inconsiderable  depth,  and  also  upward  as  far  as  it 
has  been  worked.  In  consequence  of  the  advent  of  the  Elkhorn,  this 
mine  sliows  more  complicated  workings  than  most  of  that  section. 
Near  the  Pelican  are  quite  a  number  of  other  lodes,  some  of  which  were 
not  in  operation,  while  a  lack  of  time  forbid  a  visit  to  any  but  the  prin- 
cipal ones.  West  of  it  still,  on  Mount  Sherman,  is  an  interesting  vein, 
the  Cold  Stream  lode,  striking  north  67o  west,  into  a  dip  to  the  north, 
varying  from  10°  to  25o.  The  foot-wall  on  the  south  side  is  gneiss, 
while  the  hanging-wall  is  composed  of  porphyritic  granite.  This  is  one 
of  the  few  instances  where  the  vein  showed  itself  to  be  a  tnie  contact- 
vein  between  these  two  rocks.  Some  distance  from  the  tunnel,  proba- 
bly 60  feet,  the  vein  is  suddenly  cut  otf  by  a  strip  of  gneiss  running 
across  it  at  right  angles,  but  appears  again  on  the  other  side  without 
being  deflected  the  least  in  its  course.  Galenite,  with  sphalerite,  com- 
pose the  main  ore  of  this  lode ;  the  former  occurring  in  a  heavy  body, 
coarse-grained,  breaking  into  large  cubes.  Owing  to  the  foot-wall,  the 
vein  wavers  slightlyy  forming  a  sort  of  scalloped  line.  West  of  the  tun- 
nel, a  dike  of  ash-gray  jiorphyry,  6  feet  in  thickness,  crosses  the  vein, 
but  after  working  through  it  was  found  to  continue  in  its  regular 
course. 

Of  minerals,  the  following  are  found :  galenite  in  fine  cubo-octahedra, 
sphalerite,  argentite,  fahlerz,  pyrargyrite,  wire-silver,  witli  the  excep- 
tion of  the  latter  all  occurring  massive ;  the  pyrargyrite  and  fahlerz  inti- 
mately associated  with  the  galenite;  quartz  and  light-red  feldspar,  mostly 
decomi>osed,  make  up  the  gangue-i^ock. 

One  of  the  largest  and  best  known  lodes  of  the  district  is  the  Terri- 
ble, located  about  four  miles  west  of  Georgetown,  on  the  south  slopo  of 
Brown  Mountain.  It  strikes  north  82°  east ;  an  abnormal  course*,  com- 
pared with  the  others.  In  speaking  of  the  relation  of  these  lodes  to 
the  formations  surrounding  them,  it  has  been  stated  above  that  the 
poii)liyritic  granite  formed  a  steep  bluff,  running  almost  parallel  with 
the  local  trend  of  the  mountain.  It  is  within  this  granitic  bluff  that  the 
Terrible  vein  lies.  A  tunnel  of  about  340  feet  has  been  driven  at  right 
angles  to  the  lode  from  the  south  side,  and  on  the  north  of  it  the  rock 
has  been  examined  for  the  distance  of  60  feet.  The  entire  tunnel,  as 
well  as  the  GO  feet  beyond  it,  were  found  to  be  within  the  limits  of  the 
l)orphyritic  granite.  Keeping  its  course  quite  regularly,  the  ore  vein 
runs  along  within  the  heart  of  this  immense  granite  dike,  varying  in 
thickness  and  local  dip,  without  any  well-defined  walls  to  limit  its 
extent.  Numerous  little  slides  have  evidently  occurred,  occasioning  the 
formation  of  slickensides  and  breaks  in  the  granite,   but  no  distinct 
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wall  could  be  observed.  Clay  selvages  at  some  places  border  the  ore-^ 
vein,  but  tbe  rock  ou  the  outside  may  contain  numerous  Si>urs  of  that 
same  vein.  It  is  altogether  one  of  the  most  interesting  mines.  I  did 
not  succeed  in  discovering  any  distinctly  differing  gangue-rock;  it 
appeared  throughout  to  be  the  porphyritic  granite  that  filled  the  places 
between  the  single  veins  and  spurs.  At  certain  points,  circumstances 
had  favored  decomposition,  and  the  gangue,  therefore,  was  soft  enough 
to  break  with  the  fingers.  Quartz  and  feldspar  were  its  main  constitu- 
ents; but  the  black  mica,  characteristic  to  the  suiTounding  granite,  was 
just  as  plentiful  a^  in  the  gangue  itself,  so  that  the  conclusion  presented 
itself  that,  although  this  gangue  must  be  regarded  as  younger  than  the 
surrounding  rock  inasi^iuch  as  it  is  decomposed,  its  ingredients  were 
formed  contemporaneously  with  those  of  the  granite.  From  3  to  20 
inches  in  the  thickness  the  main  vein  varies,  sending  off  shoots  and  spurs 
to  either  side ;  sometimes  they  return  again,  sometimes  they  pinch  out. 
In  several  instances,  a  number  of  smaller  veins  were  observed  to  run 
parallel  to  each  other,  continuing  so  for  a  considerable  distance.  This 
was  the  case  at  the  extreme  north  and  of  one  of  the  lower  levels,  and 
at  this  point  our  section  of  the  lode  was  taken.  (Plate  VI.)  Granite 
forms  tlie  gangue-rock,  somewhat  decomposed  in  the  central  portion, 
perfectly  sound  and  hard  outside,  containing  within  it  four  distinct 
parallel  veins,  the  largest  one  5  inches  thick.  Toward  the  southeast 
the  veins  seem  to  become  more  irregular. 

Galenite  forms  the  greater  portion  of  the  ore ;  associated  with  it  are  spha- 
lerite, pyrite,  (rare,)  argeutite,  fahlerz,  and  pyrargyrite. 

A  larger  number  of  mineral  si)ecies  occur  in  this  mine  than  in  any 
other  I  have  had  occasion  to  visit  in  C-oIorado.  Galenite  is  found  in 
almost  every  variety ;  very  pretty  crystals  (combination  of  cube  with 
octahedron,  the  latter  predominating)  of  it  occurring  in  small  cavities 
near  the  veins;  sphalerite,  pyrite,  and  chalcopyrite,  massive;  pyrar- 
gyrite, in  minute  crystals;  argentite,  stephanite,  polybasite,  in  tabular 
crystals;  stibnite,  rare;  silver  in  form  of  wire,  and  leaf-silver;  fiu- 
orite,  in  light-green  trans])arent  cubes;  baryte,  orthoclase,  oligoclase, 
caolinite,  biotite,  and  quartz  occurring  between  the  single  veins. 

As  stated  above,  a  tunnel  of  340  feet  leads  at  a  right  angle  to  the 
vein;  thence  levels  are  driven  on  either  side,  and  a  shaft  sunk.  The 
mine  is  renowned  for  its  rich  ore,  which,  as  I  was  informed,  is  some- 
times regarded  by  strangers  as  a  favorite  souvenir  of  Georgetown.  Be- 
sides the  lo<les  spoken  of,  a  very  large  number  have  been  claimed,  and 
are  worked  to  some  extent.  Several  of  the  larger  ones  were  not  in  op- 
eration during  my  stay  at  Georgetown  ;  others  were  in  litigation,  so  that 
no  <lata  regarding  them  could  be  obtained. 

The  Pay  rock  mine,  situated  on  Republican  Hill,  northwest  of  George- 
town, I  will  now  mention.  Striking  nearly  due  east,  the  vein  pitches 
downward  from  the  north  at  an  aiigh*  of  about  20^  below^  the  horizontal, 
and  suddenly  takes  a  turn  of  45o,  (Fig.  2,)  so  that  its  dip  southwanl  is 
only  250  instead  of  7(P.  Porph.vritic  granite  forms  the  foot-  wall,  gneiss 
the  hanging,  although  at  several  points  they  seem  to  shade  into  each 
other. 

About  nine  miles  west  of  Georgetown,  McC^lellan  Mountain  is  located, 
immediately  opposite  Gra.v'sand  Torrey's  Peaks.  On  the  western  slope 
of  this  mountain,  the  I3aker  and  other  mines  are  located  ;  on  the  east- 
ern, the  International  and  Belmont.  The  International  strikes  about 
north  300  west,  and  is  a  contact- vein  between  gneiss  on  the  north  and 
granite  on  the  south  side.  Its  location,  about  500  feet  above  timber- 
line,  causes  the  ore  to  be  frozen  sUmosi  constantly;  while,  ou  the  other 
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hand,  it  has  the  benefit  that  provisions  can  be  kept  in  the  mine  for 
months  without  deteriorating.  Between  walls  that  are  well  defined  the 
vein  is  5  to  6  feet  wide,  dipping  from  12°  to  2(P  to  the  north. 

A  considerable  quantity  of  ore  is  taken  out  of  this  mine,  and  trans- 
ported down  the  wagon-road  by  axle.  It  is  mostly  galeuite,  with  spha- 
lei'ite,  some  fahlerz,  pyrargyrite,  and  native  silver.  From  the  east  a 
tunnel  has  been  driven  in  on  the  vein,  about  140  feet  in  length,  and 
there  by  overhand  and  underhand  stoping  ore  is  being  taken  out,  while 
the  driving  of  the  tunnel  continues.  Parallel  to  this  lode,  and  appar- 
ently similar  to  it,  is  the  Belmont,  situated  a  short  distance  to  the  north. 

Besides  these  mining-operations,  two  great  tunnel-enterprises  have 
been  undertaken,  and  are  still  being  carried  on.  The  one  is  the  Mar- 
shal, the  other  the  Burleigh  tunnel,  sections  of  which  are  given  on  the 
accompanying  plate.  (Plate  VII.)  The  Marshal  tunnel,  pushed  to 
its  present  state  by  the  energy  of  General  Marshal  of  Georgetown,  is 
located  on  the  southern  slope  of  Mount  Leavenworth,  a  short  distance 
below  the  mines  spoken  of  before.  It  is  driven  at  a  course  of  north 
430  west,  and  has  continued  in  a  straight  line.  The  proposition  is  to 
drive  through  Mount  Leavenworth,  strike  all  the  lodes  which  it  would 
cut  at  some  angle,  and  thus  let  the  tunnel  serve  to  facilitate  trans- 
portation of  ores  and  regulation  of  waters.  At  the  time  I  visited  it, 
the  work  had  progressed  to  a  distance  of  1,147  feet  from  the  mouth,  and 
a  careful  section  was  taken. 

At  175  feet  from  the  entrance,  the  first  lode  was  struck,  crossing  the 
tunnel  at  an  angle  of  about  north  69^  west.  This  is  the  Bulldog,  or 
Ko.  1 ;  contains  a  small  amount  of  black  blende,  not  sufiiciently  rich  to 
yield  any  pay.  Thirty-six  feet  of  loose  gangue-rock  (!>),  quartz,  and  de- 
composed feldspar  follow  the  narrow  vein  of  ore,  and  a  selvage  of  clay 
more  than  2  feet  in  thickness  separates  this  lode  from  the  following 
gneiss.  Arriving  at  234  feet  from  the  tunnel,  lode  No.  2  is  reached, 
dipi)4ug  off  to  the  north,  bordered  on  the  north  side  by  porphyritic 
granite  (a),  20  feet  in  thickness.  Following  is  a  long  stretch  of  gran- 
itic gneiss,  with  several  slides  dipping  to  the  north,  the  rock  being 
partly  decomposed,  partly  sound.  In  several  instancies  white  mica  oc- 
curs in  this  gneiss  locally,  but  the  black  always  predominates.  Six 
hundred  and  ninety-five  feet  from  the  mouth  of  the  tunnel,  a  lode  was 
cut,  supposed  to  be  the  Equator,  and  the  strike  approximately  corre- 
sponded with  that  of  the  Equator.  Two  more  veins  follow  at  intervening 
distances  of  about  20  feet,  edged  on  the  north  by  granite  of  25  feet  thick- 
ness. Vein  No.  5  then  set  in,  followed  by  8  feet  of  gray  quartzite  (d)j 
and  then  by  22  feet  of  a  light-gray  compact  porphyry  (6),  which  strikes 
parallel  to  its  course.  After  this  73  feet  of  the  granitic  gneiss  follow, 
when  vein  No.  6  is  cut,  at  a  distance  of  880  feet  from  the  mouth  of  the 
tunnel.  The  north  wall  of  this  vein  is  formed  by  46  feet  of  hard  por- 
I)byritic  granite  (a),  identical  with  that  of  other  localities.  From  the 
end  of  this  portion  of  granite  to  the  present  terminus  of  the  tunnel  at 
1,147  feet,  the  rock  remains  granitic  gneiss,  with  local  accumulations  of 
mica  or  quartz,  changing  the  character  somewhat.  Two  more  veins 
were  found,  and  20  feet  from  the  end  of  the  tunnel  a  third  occurs,  strik- 
ing across  it.  These  nine  lodes  that  are  thus  cut  by  the  tunnel  contain 
more  or  less  blende,  niore  rarely  galena,  and  as  far  as  could  be  ascer- 
tained neither  fahlerz  nor  i>yrargyrite,  as  the  veins  higher  up  on  the 
mountains  do. 

Differing  from  this  is  the  Burleigh  tunnel,  situated  northwest  of 
Georgetown,  at  the  base  of  Sherman  Mountain,  about  half  a  mile  east 
of  the  Terrible.    lu  June,  1873,  it  had  re^iched  a  length  of  1,490  feet,  a 
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considerable  portion  of  which  was  driven  by  hand.  The  tunnel  is  wide, 
well  graded,  entering  the  mountain  in  the  course  of  north  20^  west.  At 
a  distance  of  797  feet  from  the  month  of  the  tunnel,  a  dike  of  porphy- 
ritic  granite  occurs,  38  feet  thick,  (Plate  VI [,  a,)  striking  at  right  angles 
to  the  course  of  the  tunnel,  with  a  southerly  dip.  Contact  between 
this  granite  and  the  following  gneiss  is  a  vein  striking  parallel  with 
the  former,  containing  a  body  of  blende  18  inches  in  thickness.  From 
that  point  to  the  end  of  the  tunnel,  no  further  veins  have  been  cut. 
About  450  feet  from  the  end  of  the  tunnel,  a  break  occurs  in  the  gneiss, 
parallel  in  dip  to  the  porphyritic  granite ;  a  small  vein  of  quartzite,  4 
feet  thick,  is  found  about  320  feet  farther  toward  the  end.  At  the  east- 
ern end  of  Georgetown,  the  Eclipse  tunnel  has  been  driven  in  a  south- 
erly direction ;  it  is  claimed  quite  lately,  with  good  success. 

From  the  few  words  that  have  been  said  <'vbout  the  working  of  the 
Georgetown  mines,  it  will  have  become  evident  that  the  plan  of  opera- 
tions differs  slightly  here  from  that  followed  at  Central.  The  silver- 
miners  of  this  section  usually  drive  a  tunnel  into  the  side  of  the  mount- 
ain containing  their  lode,  and,  having  reached  it,  sink  a  shaft.  At  the 
level  of  the  tunnel,  drifts  are  made,  and  the  ore  extracted  by  means  of 
overhand  stoping.  Sometimes  a  shaft  is  sunk  from  the  surface,  con- 
necting with  the  tunnel  or  one  of  the  levels. 

A  number  of  works  have  been  put  up  in  Colorado  to  smelt  the  lead 
and  silver  ores  from  this  and  other  regions,  the  greater  portion  of  which 
are  doing  well.  Eventually  the  concentration  of  ores  will  have  a  regen- 
erating influence  upon  mining  and  smelting  enterpvise,  if  the  Hush  pro- 
duced at  present  by  the  extraction  of  large  masses  of  rich  ore  should 
pass  away. 

PART    III. 

nigh  up  in  the  mountains  of  Boulder  County,  another  district  of 
silver-mines  remains  to  be  commented  upon.  Caribou  is  the  mining 
camp,  located  in  the  center  of  a  number  of  mines  that  have  attracted  con- 
siderable notice.  Situated  near  the  timber-line,  with  snow  within  three 
minutes'  walk  from  the  hotel-door  in  the  latter  part  of  June,  the  report 
of  rich  lodes  has  attracted  several  hundred  miners  to  the  8i)ot.  As  my 
time  was  very  much  limited  just  then,  I  can  only  speak  of  the  two  main 
lodts  which  1  visited,  and  must  again  refer  to  Mr.  Mar  vine's  report  for 
notes  on  the  geognostic  formations. 

Predominating  is  a  granite,  with  accidental  admixtures  of  hornblende, 
so  that  at  certain  localities  it  may  be  termed  a  syenitic  granite,  and  it  is 
therein  the  Caribou  lode  is  located.  The  strike  of  this  lode,  that  a  short 
time  ago  was  sold  to  a  Netherlands  company  for  83,000,000,  is  almost 
due  east  and  west,  and  it  has  a  dip  to  the  north  that  on  an  average  is 
slight — in  one  or  two  points  increasing  however — never  varying  more 
than  20^  from  the  vertical.  Entering  above,  the  dip  to  the  north  is 
found  to  be  about  20^,  continuing  for  40  feet;  then  follow  70  feet  almost 
vertical,  and  after  that  a  northerly  dip  of  15o  again.  With  increasing 
depth  the  vein  grows  wider,  so  that  ic  is  14  feet  thick  between  walls  at 
the  depth  of  210  feet,  while  it  is  4  feet  at  the  surface.  Both  walls  are 
beautifully  detlued,  having  an  almost  polished  appearance.  On  the 
north  wall,  the  granite  seemed  to  be  of  a  different  variety,  but  it  could 
not  be  decided  with  certainty  in  the  mine.  A  thin  clay  selvage  sepa- 
rates the  vein  from  either  wall.  In  the  distribution  of  the  ore,  a  sym- 
metrical arrangement  may  be  observed,  ore  being  found  near  either  wall, 
Aud  again  in  the  center.    It  consists  mostly  of  galenite,  sphalerite,  argeu- 


BSDUCH.]  GEOLOGY CARIBOU   LODE.  301 

tite,  pyrargyrite,  and  native  silver;  quartz  mainly  forms  the  gangue- 
rock,  small  amounts  of  feldspar  also  occurring.  One  of  the  western 
levels  shows  a  very  curious  dike  of  granulite  of  12  feet  thickness,  run. 
ning  across  the  vein  at  a  right  angle,  without  occasioning  any  disturb- 
ance or  dislocation,  however.  The  Caribou  is  intersected  by  the  No 
Name  on  the  east,  and  the  Seven-Thirty  on  the  west  side,  at  an  angle  of 
about  30O.  In  both  these  interesting  lodes,  the  ore  is  of  a  similar  char- 
acter, and  they  show  no  dislocations. 

Of  minerals  the  following  were  found :  galonite,  sphalerite,  argentite, 
in  small  crystals  and  massive;  fahlerz,  massive;  pyrargyrite;  native 
silver,  in  wire  form  and  leaf  form ;  chalcopyrite,  cerussite,  and  mala- 
chites ;  the  latter  two  as  the  result  of  decomposition. 

Two  shafts  are  sunk  on  the  lode,  connected  underground  by  levels 
and  drifts,  and  at  present  a  tunnel  700  feet  in  length  is  being  driven  in 
from  the  north  to  strike  the  vein.  This  will  greatly  facilitate  the  ex- 
traction of  ore.  Thus  far  the  greatest  depth  reached  in  the  mine  was 
370  feet. 

The  No  Name  lode,  striking  north  20°  east,  intersects  the  Caribou 
east  of  the  shafts,  sho\^ing  a  considerable  di[)  to  the  north.  Walls  are 
well-defined,  granitic,  and  the  thickness  of  the  vein  between  them  from 
3  to  G  feet.  Galenite  and  sphalerite,  with  argentite  and  fahlerz,  con- 
stitute the  main  body  of  ore.  Besides  these  minerals,  chalcopyrite, 
\?ire-silver,  cerussite,  azurite,  and  malachite  are  found.  At  the  time  of 
my  visit,  a  depth  of  117  feet  Imd  been  reached. 

A  large  number  of  other  lodes,  highly  spoken  of,  were  being  claimed 
and  opened  at  the  time,  but  the  expected  opportunity  of  visiting  the 
place  in  October  again  did  not  afford  itself,  and  no  information  regard- 
ing them  has  reached  me. 


PART    IV. 

Annexed  is  a  report  of  Dr.  A.  C.  Peale  upon  the  mines  which  he 
visited  during  the  summer  of  1873,  and  he  has  kindly  permitted  his  notes 
upon  them  to  be  placed  in  connection  with  the  above  report. 


MINES  NOTED  BY  THE  SOUTH-PAKK  DIVISION  OF  UNITED 

STATES  OEOLOGICAL  SURVEY,  1873. 

By  a.  C.  Peale. 

TARRYALL  GREEK. 

There  has  been  considerable  mining  done  along  Tarryall  Creek,  but 
at  present  little  work  is  in  progress.  One  great  disadvantage  is  the 
scarcity  of  water.  It  is  only  during  the  spring  and  early  summer  that 
there  is  sufficient  water  for  mining  purposes.  Above  Hamilton  the 
gravel  rests  on  sandstones  for  the  most  part,  and  is  from  10  to  20  feet 
thick.    The  following  are  two  of  the  principal  claims : 

Tarryallj  HuObardy  and  Snafferd. — They  have  two  flumes,  the  average 
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yield  being  froin  $5  to  $6  per  day.  There  arc  four  men  working,  at  from 
$2.50  to  83  per  day. 

Little  Frenckj  or  upper  claim,  has  two  men  working  on  it. 

Near  Hamilton  there  are  two  claims,  worked  by  Hawkshurst  &  Foote. 
There  are  tive  men  w^orking,  at  $2.58  and  board  per  day.  Tlie  average 
yield  is  about  $100  per  week.  While  I  was  there  they  cleaned  up  $75. 
for  five  days'  work.  In  1800-65  there  was  in  Hamilton  a  population  of 
about  5,000  inhabitants;  today  tbere  are  not  moixj  than  about  half  a 
dozen  families. 

SILVER  HEELS  MOUNTAIN. 

The  following  are  some  of  the  lodes  that  have  been  opened  on  tho 
mountain : 

Uncle  Sa7n  lode, — The  crevice  is  8  feet  in  width  and  dips  to  the  north- 
west. It  was  discovered  in  18G8  by  Sargent  &  Greene,  who  are  still  its 
owners.  But  little  work  has  been  done.  The  gold  and  silver  are  lound 
associated  with  pyrites  in  a  quartz-gangue.  The  walls  of  the  lode  arc 
gncissic.    The  ore  is  said  to  assay  from  $10  to  $45  to  the  ton. 

Black  EagU  lode, — Four-foot  crevice  discovered  by  Hawkshurst  & 
Foote  in  1807,  who  still  hold  it.  Associated  with  gold  and  silver,  inag- 
netic  iron  and  pyrite  are  found.  It  is  said  to  assay  from  $100  to  $000 
to  the  ton.  The  lode  is  in  gneiss,  and  dips  to  the  southeast.  Other 
lodes  are  the  Black  Warrior,  Republic,  Slater,  and  Mineral  lode. 
Very  few,  il  any,  are  worked.  In  the  Bei)ublic,  the  ore  is  galena.  The 
general  angle  of  dip  of  all  these  lodes  is  about  30^. 

FAIR  PLAY,   COLORADO. 

Further  notes  in  regard  to  the  mines  in  the  vicinity  of  Fair  Play  than 
are  given  below  will  be  found  in  Dr.  Uayden's  report.  Placer-niining 
was  formerly  carried  on  very  extensively  on  the  South  Platte  Kiver, 
and  on  all  the  streams  tributary  to  it  rising  in  the  range  that  lies  be- 
tween South  Park  and  the  Arkansas  River.  In  almost  all  the  gulches 
we  may  find  the  ruins  of  what  were  once  active  and  thriving  towns. 
There  is  still  some  mining  going  on  on  the  Platt<3.  The  gravel  on  the 
river  opposite  Fair  Play  is  about  70  to  100  feet  in  thickness.  There  are 
several  claims  being  protitably  worked  here.  The  principal  mining 
interest,  however,  centers  in  the  silver-bearing  limestones  of  Mount 
Bross,  Mount  Lincoln,  and  Horseshoe  jVIountain.  The  following  section 
of  Mount  Bross  was  made  by  Mr.  Stevens,  of  Fair  Play,  and  shows  the 
geological  position  ot  the  argentilerous  belt.  The  section  corresponds 
with  the  illustration  shown  in  Plate  XV,  (map). 

1.  Gneiss. 

2.  Yellow  quartzite  and  sandstone,  about 400  feet. 

3.  Blue  limestone ^ 

4.  Light-colored  limestone,  100  feet >  350  feet. 

5.  Blue  limestone 1 

6.  Quartzite 10  to  20  feet. 

7 100  feet. 

8.  Black  quartzite  slates )  -.-  ... 

1).  Samistone /  <o  leet. 

10 200  feet. 

11.  Limestone 20  to  30  feet. 

12.  {Sandstone 150  feet. 

13 500  to  COO  feet. 
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This  last  bed  reaches  to  the  summit  of  the  monntain.  It  is  in  bed 
Ko.  2,  which  is  probably  the  equivalent  of  the  Potsdam  saudstoue,  that 
all  the  gold,  or  most  of  it,  in  the  region  has  been  found,  especially  in 
the  lower  part^  where  there  are  d\kes  of  volcanic  rock.  The  gold-mines 
of  Mosquito  and  Buckskin  Gulches  are  found  here.  All  the  sandstone 
contains  gold,  but  not  in  sufficient  quantity  to  make  it  profitable  to 
mine.  It  is  in  bed  No.  4  that  the  silver-bearing  galena  is  found.  This 
liuiestone  is  lighter-colored  than  that  on  either  side.  It  is  probably  a 
part  of  the  Quebec  group.  The  ore  occurs  in  segregations  and  impreg- 
nations, and,  as  far  as  has  been  ascertained,  is  confined  to  the  belt  of 
limestone  represented  by  bed  No.  4  in  the  section  given  above.  The 
accompanying  map  or  diagram  was  made  by  Mr.  Stevens,  who  has 
kindly  allowed  me  to  use  it.  It  is  not  drawn  on  an  absolutely  accurate 
scale,  but  will  give  a  good  idea  of  the  various  claims  on  Mounts  Lincoln 
and  Bross.  The  principal  ones  are  the  Moose,  the  Baker,  and  the  Hia- 
watha. The  ore,  as  has  already  been  intimated,  is  galena,  which,  accord- 
ing to  the  assays  of  Mr.  Peters,  carries  from  $3  to  $200  in  silver  and  as 
high  as  $120  in  gold,  the  coarser-grained  galena  always  being  the  richer. 
The  gangue  of  all  the  mines  in  the  limestone  is  barytic,  both  in  massive 
and  crystallized  form.  The  mines  at  Horseshoe  Mountain  are  similar 
to  those  of  Mount  Lincoln  and  Mount  Bross.  They  occur  in  the  same 
belt  of  limestone,  and  their  mode  of  occurrence  is  the  same.  The  ore 
is  taken  to  smelting-works  at  Alma  and  Dudleyville,  near  the  base  of 
Mount  Lincoln. 

GEO    CITY. 

Oro  City  is  at  the  head  of  California  Gulch,  a  branch  of  the  Arkansas 
River  heading  in  the  Park  range.  California  Gulch  has  been  the  seat  of 
extensive  placer-mines.  At  present,  however,  very  little  is  done.  There 
are  three  or  four  claims  being  worked  near  Oro.  The  principal  mining, 
however,  is  done  at  the  Printer-Boy  lode.  The  following  notes  were 
obtained  from  Mr.  C.  L.  Hill,  sui)erintendent.  The  mine,  of  which  a 
diagram  is  shown  in  the  illustration,  is  owned  by  the  Philadelphia  and 
Boston  Gold  and  Silver  Mining  Company,  (J.  Marshall  Paul,  of  Colo- 
rado, and  n.  M.  Paul,  of  Philadelphia.)  The  discovery  was  made  in  1868, 
but  no  work  was  done  until  1809.  It  was  first  worked  by  a  company  in 
1870.  As  shown  in  the  diagram,  there  are  two  shafts,  a  main  one,  275 
feet  in  depth,  and  a  boundary  one,  145  feet  deep.  These  shafts  are  367 
feet  apart,  and  between  are  two  levels.  Above  the  upper  one  there 
is  a  third  level.  From  November,  1872,  to  the  latter  part  of  Sep- 
tember, 1873,  $75,000  was  taken  out;  the  average  yield  per  week  be- 
ing 100  ounces.  In  September  twenty-six  men  were  employed,  at  $3.50 
per  day.  The  company  owns  a  mill  near  the  mine.  The  expenses  of 
mining  and  milling  i>er  week  are  $800.  Besides  the  Printer-Boy,  there 
are  the  American  Flag  and  several  other  lodes  at  the  head  of  Califor- 
nia Gulch. 

HOMESTAKB  LODE,  ETC. 

The  Homestake  lode  is  situated  at  the  head  of  a  small  western 
branch  of  the  Arkansas  River,  west  of  Tennessee  Pass.  The  district  is 
called  the  Homestake  district.  There  is  a  small  settlement,  to  which 
the  name  of  Lake  City  has  been  given.  It  is  jiist  at  the  timber-line, 
which  here  is  about  11,500  feet.  Besides  the  Homestake,  which  gives 
its  name  to  the  district,  there  were  at  the  time  I  visited  the  place  some 
forty  claims,  very  few,  however,  of  any  importance  as  yet. 

This  lode  was  discovered  in  July,  1871,  by  W.  A.  Crawford  and 
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two  other  men,  while  trying  to  find  a  trail  across  the  range.  It  was 
first  worked  in  September,  1872,  by  Archer  &  McFadden,  the  present 
owners.  The  lode  strikes  south  C5o  west ;  dip,  north  25°  west ;  angle, 
750  to  850.  Two  levels  were  commenced  in  the  fall  of  1872.  The  east 
level,  in  September,  1873,  had  i)enetrated  150  feet.  It  is  5J  feet  high, 
4  feet  wide  at  the  bottom,  and  3J  feet  at  the  top.  It  is  propped  with 
timber,  being  but  30  feet  below  the  surface.  The  lode  is  from  2  to  3  feet 
in  thickness,  and  is  in  gneissic  rock.  The  west  level  had  been  carried 
in  150  feet,  and  the  average  width  of  the  lode  here  was  2  feet. 
This  level  penetrates  the  solid  rock  some  distance  below  the  sur- 
face, and  propping  is  rendered  unnecessary.  Below  these  levels, 
two  tunnels  have  been  started  to  strike  the  lode.  One  is  100  feet  below, 
and  the  other  300  feet.  Assays  made  by  M.  M.  Hayes,  assayer,  for  the 
Homestake  district,  vai-y  from  $100  to  $800  to  the  ton.  One  picked 
specimen  assayed  738  ounces  to  the  ton.  The  ore  is  principally  argen- 
tiferous galena  in  a  gangue  of  baryte  and  calcite.  Thei*e  is  also  a  trace 
of  gold.  The  complete  list  of  minerals  found  here  will  be  seen  in  the 
catalogue  of  minerals.  In  September  there  were  nine  men  employed, 
at  $3.50  per  day.  From  Mr.  J.  A.  McFadden,  one  of  the  owners  of  the 
mine,  I  learned  that  the  expenses  from  May  to  September,  inclusive,  had 
been  something  over  83,000.  This  included  building  of  cabins,  supplies, 
&c.  The  mine  having  been  just  opened,  of  course  the  expenses  were 
heavier  than  they  would  be  afterward.  Up  to  September,  30  tons  of 
ore — about  half  the  quantity  taken  out — had  been  shix)ped  to  Denver. 

ARKANSAS  VALLEY. 

On  the  Arkansas  River,  in  the  vicinity  of  Granite,  there  are  quite  a 
number  of  placer-diggings,  and  also  in  Colorado  Gulch,  one  of  the  west- 
ern branches  of  the  Arkansas.  During  the  season  of  1873,  there  were 
two  or  three  claims  worked  in  the  latter  place,  yielding  about  $5  i)er  day 
to  each  man.  This  gulch,  in  18C3,  was  one  of  the  richest  in  the  Terri- 
tory, yielding  $75  i)er  day  to  the  man. 

ELK  MOUNTAIN  DISTRICT. 

This  is  a  ne^v  district  Jn  the  Elk  Mountains  at  the  head  of  Eock  Creek, 
and  little  has  been  done  beyond  the  locating  of  claims.  There  are  about 
thirty  claims  situated  on  the  south  side  of  Eock  Creek.  The  discovery 
was  made  in  1871  by  Messrs.  Brennan,  Brant,  Graham,  and  others,  but 
nothing  was  done  until  1872.  The  lodes  are  all  in  the  beds  of  Cretaceous 
age — black  metamorphosed  slates,  containing  quantities  of  Lwcerami. 

The  following  are  the  principal  lodes  : 

Buclwye. — This  lode  wa^  discovered  July  29, 1873.  It  is  from  5  feet 
to  G  feet  in  width,  and  dips  12°  south  35°  east.  It  is  well  defined  for  at 
least  1,000  feet.  The  one  is  principally  argentiferous  galena,  associated 
with  pyrite,  cerussite,  chalcopyrite,  malachite,  and  a  little  hematite 
in  a  quartz  gangue.  Blow-pipe  analyses,  made  by  Mr.  Kirker,  yielded 
75  to  100  ounces  of  silver  per  ton. 

i).  r.  Mc— This  was  discovered  July  29, 1873.  It  is  4  feet  in  width, 
and  its  direction  is  southeast  and  northwest.  Ore  and  gangue  as  in  the 
Buckeye. 

Fair  Flay, — ^The  discovery  was  made  July  20, 1872.  Its  width  is  about 
G  inches.  The  ore  is  similar  to  that  in  the  other  mines,  and  is  contained 
in  a  gangue  of  quartz  associated  with  calcite. 

Liverpool. — This  lode  was  discovered  August  1, 1872.    It  is  2  feet 
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wide,  {(Dd  its  direction  Dorth  55^  east.    In  all  other  points  it  resembles 
the  other  lodes. 

Rover  State. — Discovered  July  24, 1873.  Its  width  is  about  2  feet  and 
strike  north  65^  west.  Connecting  this  lode  with  the  Pacific,  there  is  a 
smaller  one,  6  inches  wide,  called  the  Sidney. 

Pacific. — This  lode  was  discovered  in  July,  1872.  The  strike  is  east 
of  south.  It  has  seams  of  diflPerent  widths.  The  ore  has  assayed  by 
blow-pipe  about  $10  per  ton. 

Helena.  This  lode  was  located  in  July,  1872,  and  is  from  6  to  8  inches 
in  width  ,8trikiug  north-northeast  and  southwest. 

Cape  Horn. — This  lode  is  from  10  to  15  feet  in  width,  and  has  been 
tracedm  ore  than  1,000  feet.  It  strikes  north  65°  west,  and  dips  east  of 
north  at  an  angle  of  about  75^.  Tbe  ore  is  said  to  assay  150  ounces  per 
ton.  Connecting  the  Cape  Horn  with  tbe  Anna  is  the  Erie,  about  6 
inches  in  width. 

Anna  and  WasMngton. — ^The  Washington  lode  is  a  continuation  of  the 
Anna,  the  extent  of  both  being  3,000  feet.  The  discovery  was  made 
July  25, 1873.  The  strike  is  north  53^  west,  and  the  dip  southwest.  It 
is  in  a  very  black  shale,  and  between  it  and  the  Cape  Horn  there  is  a 
bed  of  quartzite.  The  width  is  about  5  feet,  which  increases  in  places. 
The  ore  is  of  the  same  character  as  in  the  other  lodes.  Mr.  Eirker,  one 
of  the  company  owning  the  claims,  assures  me  that  as  far  as  he  has 
traced  the  lodes,  they  seem  to  converge  toward  the  Anna  and  Washing- 
ton. He  says  also  that  west  of  these  there  is  another  set,  of  which  the 
following  are  the  principal  ones:  Montreal,  15  feet  in  width;  Bear 
Hole ;  New  Chicago,  3  feet  wide ;  Deep  Hole,  1  foot  6  inches ;  St.  Louis; 
Wisconsin;  Superior;  Tempest;  Lily;  Hoosier;  Lookout;  Cashier  and 
Silver  Wing.  These,  he  says,  seem  to  converge  toward  the  Montreal,  as 
those  in  the  other  group  do  toward  the  Anna  and  Washington.  All  the 
lodes  are  owned  by  the  Eough  and  Eeady  Company,  composed  of  the 
following  members:  R.  A.  Kirker,  William  Gant,  Samuel  McMillen,. 
Benjamin  Graham,  Louis  Brant,  James  Brennand,  and  Q.  M.  Defabauch. 


CHAPTER    II. 

EEPORT  UPON  THE  GEOLOGY  OF   THE  SAN  LUIS  DISTRICT. 

Section  a. — The  district  assigned  to  the  San  Luis  division  for  topo- 
graphical and  geological  survey  for  the  summer  of  1873  is  bordered  on 
the  north  by  a  line  running  east  to  west  six  miles  south  of  Pike's  Peak, 
on  the  west  by  the  one  hundred  and  seventh  meridian,  on  the  south  by 
a  line  nmning  east  to  west  twelve  miles  south  of  Saguache,  and  on  the 
east  by  the  eastern  slope  of  the  Front  range. 

It  can  be  appropriately  divided  into  three  sections,  as  shown  by  the 
accompanying  diagram.  Section  a,  comprising  the  northeast  portion  of 
it,  separated  on  the  west,  southwest,  and  south  from  the  others  by  the 
Arkansas  Eiver.  Section  b  contains  the  southeast  portion  of  the  dis- 
trict, terminating  westward  with  the  western  border  of  San  Luis  Valley, 
and  from  there  northward  with  the  well-known  Poncho  Pass.  On  the 
north  it  is  bounded  by  the  Arkansas.  Section  c  represents  the 
remainder,  the  western  part  of  the  district. 

Along  the  eastern  portion  of  section  a  we  notice  the  heavy  masses  of 
mountains,  cut  by  deep  caiions  and  gorges,  showing  that  characteristic 
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appearance  that  is  imparted  to  any  landscape  by  the  predominance  of 
arclja»an  formations.  Westward  from  the  edge  of  the  great  plains  the 
mountains  rise  abruptly,  particularly  so  in  the  vicinity  of  Pike's  Peak, 
the  summit  of  which  is  more  than  8,000  feet  above  the  valley.  In  the 
pure  atmosphere  of  that  region,  the  deception  in  distance  allows  the 
traveler  to  be  even  more  strongly  impressed  with  the  grandeur  of  the 
scenery  that  has  given  the  '•  Pike's  Peak  country  "  so  much  of  its  justly- 
deserved  celebrity.  Along  the  eastern  border  of  these  mountains, 
where  they  gradually  taj)er  olf  into  the  plains,  stretched  for  many  miles 
before  them,  the  sedimentary  beds  reclining  against  the  granitic  mount- 
ains have  at  times  been  greatly  disturbed,  and  now  form  at  several 
l)oints  very  grotesque  grouj)S  along  their  base. 

Going  westward  from  the  border  of  this  Front  range,  more  into  the 
interior  of  the  mountains,  unmistakable  cones  appear,  denoting  former 
volcanic  activity,  changing  with  their  introduction  the  general  aspect 
of  the  country.  Instead  of  densely-wooded  hills,  covered  either  by 
living  or  dead  timber,  areas  of  grazing-lands  are  frequently  found,  fre- 
quently also  marshes.  In  many  cases  the  j>rom?nent  cone-shaped  peaks, 
the  probable  points  of  volcanic  outflow,  juesent  a  more  desolate  appear- 
ance, being  covered  with  innumerable  fragments  of  rock,  rarely  large, 
but  sutKciently  so  to  prevent  any  extensive  growth  of  vegetation.  A 
variation  from  this  general  character  of  the  country  occurs  along  Oil 
Creek,  where  a  comparatively  low  tract  of  country  extends  northward 
for  the  distance  of  about  twelve  miles,  with  a  width  varying  from  two 
to  four  miles.  To  the  west  of  this  little  valley  the  granitic  rocks  are  iio 
longer  the  predominating,  for  the  volcanic  increase  so  largely  in  bulk 
and  extent  as  to  change  the  face  of  the  country.  High,  grassy  plateaus 
appear,  diHering  in  vegetation  to  such  an  extent  from  the  older  rocks 
that  may  be  outcropping  that  this  diii'erence  alone  may  fre<|uently  fur- 
nish useful  hints  to  the  geologist  regarding  the  distribution  of  the 
formation.  Quite  frequently  the  creeks  have  worn  deep,  rugged  ravines, 
although  it  would  undoubtedly  be  erroneous  to  attribute  all  the  canons 
and  gorges  to  erosion  exclusively.  Farther  toward  the  northwest,  the 
character  of  the  country  again  changes ;  it  becomes  more  rolling,  su^)- 
plied  with  frequent  cones ;  the  valleys  are  broader,  less  deep. 

In  the  western  portion  of  section  «,  the  mountains  are  no  longer  so 
high,  and  their  slopes  are  more  gradual  on  the  northern  side,  although 
often  quite  rugged  on  the  opposite;  the  influence  of  comparatively  little 
disturbed  sedimentary  formations  is  i)erceptible.  Bordering  upun  the 
Arkansas,  the  hills  of  this  western  portion  are  less  massive — less  so  thau 
those  farther  east — owing  to  the  lower  relative  and  absolute  altitude 
and  consequently  smaller  depth  of  the  caiions. 

Granite  forms  the  heaviest  masses  of  section  a,  although  not  covering 
the  greatest  area.  On  the  western  part  of  the  section  it  occurs  as  the 
main  rock,  presenting  a  dark -red  or  brown  color,  showing  but  little  vari- 
ation in  the  character  of  its  texture  and  structure,  and  usually  w^eath- 
ering  in  heavy  bowlders ;  it  frequently  lorms  bold  and  prominent  faces 
on  the  mountains.  Toward  stations  SO,  00,  and  01,  it  is  mostly  covered 
by  the  overflowing  trachorheites,  outcropping  only  in  the  deeper  canons 
and  gorges  that  are  in  a  great  part  due  to  erosion.  Owing  to  its  coarse 
texture,  it  readily  decomposes,  but,  dependent  upon  the  more  or  less 
accidentiil  percentage  of  its  constituting  minerals,  does  not  decompose 
uniformly  thmughout.  At  station  03,  the  granite  becomes  very  coarse- 
grained, so  much  so  as  to  show  a  perfect  separation  of  the  three  min- 
erals, feldspar,  quartz,  and  mica ;  only  the  latter,  however,  follows  it« 
inclination  to  crystallize.    At  this  locality,  the  feldspar  (orthoclase)  is  of 
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a  bright-red  color ;  the  quartz,  yellowish  or  white ;  the  roica,  gray  to 
flrowu.  Another  point  where  the  granite  assumes  a  similar  character  is 
immediately  west  of  Canon  City,  which  may  perhaps  partially  account 
for  the  deejiening  of  the  steep  canon  from  which  that  city  has  derived 
its  name.  This  cailon  forms  the  bed  of  the  Arkansas  Eiver  for  a  dis- 
tance of  about  six  miles.  Station  11  is  located  directly  north  of  this 
canon,  in  an  air-line  about  three-quarters  of  a  mile  distant,  and  about 
2,000  feet  above  the  river-bed.  Allowing  all  due  consideration  for  the 
immense  effect  produced  by  erosion,  it  still  seems  improbable  that  the 
Arkaui^as  should  have  forced  its  way  through  almost  six  miles  of  solid 
granite,  when  a  slight  deviation  to  the  northeast  would  have  afforded 
it  a  by  far  easier  passage,  unless  some  existing  favorable  condition 
induced  this  course.  It  seems  reasonable,  and  warranted  by  the  facts 
observed,  to  8ux)pose  that,  by  some  agency  or  other,  possibly  by  the  grad- 
ual rising  of  the  granitic  area  and  consequent  cracking  or  splitting  of 
strongly  tensioned  portions  of  it,  some  facility  may  have  been  afforded 
to  the  river  in  shaping  its  course.  This  view  may  receive  some  support 
in  the  fact  that  the  line  pursued  by  the  Arkansas  through  that  section 
of  granite  is  a  comparatively  straight  one.  The  suggestion  that  the 
river  may  gradually  have  cut  through  during  the  continuation  of  the 
rise  along  the  former  coast  cannot  be  entertained,  because  at  the  time 
before  that  took  place  the  now  Cretaceous  portions  must  have  been  so 
low  as  to  compel  it  to  flow  out  over  the  area  they  at  present  occupy. 

To  the  northwest  of  station  11  the  granite  is  mostly  covered  by  the 
trachorheites,  and  only  exposed  in  depressed  localities.  Along  the 
Arkansas,  westward,  toward  station  10,  it  maintains  its  character,  wea- 
thering in  more  or  less  angular  masses.  At  the  west  side  of  the  bridge 
built  across  the  river,  a  short  distance  south  of  station  10,  is  stationed 
an  isolated  granitic  sentinel,  dark  red  or  brown,  with  a  very  large  per- 
centage of  feldspar,  but  little  quartz,  and  still  less  mica.  This  monu- 
ment-like rock  shows  a  pretty  illustration  of  the  intersection  of  two 
veins;  a  narrow  quartz-vein  running  up  and  down  has  been  broken  and 
displaced  by  a  broader  younger  one,  crossing  it  at  an  almost  right  angle. 
Speaking  more  correctly  :  the  two  halves  inclosing  the  smaller  vein  have 
been  displaced  by  the  formation  of  a  broad  fissure,  in  which  the  mate- 
rial composing  the  younger  vein  was  deposited.  North  of  station  10 
granite  mainly  crops  out  in  the  valleys,  as  in  those  of  Currant,  Cotton- 
wood, and  Tallahassee  Creeks,  the  beds  of  which  are  mostly  formed  by 
it.  Proceeding  in  this  northerly  direction,  we  find  the  lithological  char- 
acter of  the  granite  undergoing  some  change ;  the  feldspar  more  fre- 
quently shows  yellow  and  fiesh-oolored  tints  instead  of  the  red  and 
brown ;  the  quartz  turvis  from  brown  and  reddish  to  rose-colored  and 
yellow,  even  gray  and  white ;  black  mica  begins  to  predominate  over 
the  white,  gray,  and  brown.  At  the  upper  end  of  Cottonwood  Creek, 
near  station  68,  the  texture  of  the  granite  begins  to  resemble  closely 
that  of  gneiss,  and  this  change  is  carried  out  also  in  the  appearance  of 
weathering,  although  it  characterizes  no  newly-entering  formation,  but 
merely  an  increase  and  accumulation  of  the  micaceous  constituents. 
North  of  this  station  the  granite  widens  out,  being  exposed  over  larger 
areas  as  the  trachorheites  recede.  West  and  southwest  of  station  10 
it  forms  lower  hills,  considerably  cut  by  the  drainage.  The  western  por- 
tion of  section  a  bordering  on  the  Arkansas  is  formed  by  granite  again, 
appearing  this  time  in  a  strip  of  about  twenty-four  miles  in  length  and 
three  to  four  miles  in  breadth.  It  is  coarse-grained,  and  very  similar,  if 
not  identical,  with  that  of  the  eastern  half  of  the  section.  Distributeil 
throughout  its  southern  half,  although  not  occurring  frequently,  are 
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small  patches  of  fine-grained  granite,  disiiuet  sometimes  not  only  m 
their  textnre,  but  also  in  the  character  of  their  constituent  minerals!  ». 
granite  found  near  station  59  showed  gray  ([uartz,  white  feldspar,  and 
black  mica;  was  very  fine-grained  and  compact.  On  13adger  Creek,  a 
short  distance  east  of  station  58,  a  small  i)atch  of  porpbyritic  granite 
crops  out  that  shows  diflerences  of  texture  within  a  very  limited  dis- 
tanc^e.  It  contains  oligoclase,  ortlioclase  in  Carlsbad  twins,  gray 
quartz,  black  mica,  and  chlorite.     . 

In  the  southern  and  westeru  part  of  section  a  the  granite  is  frequent- 
ly traversed  by  dikes  of  hornblondic  rock,  resembling  to  some  extent 
diorite.  Although  they  will  be  spoken  of  under  the  title  of  "dikes'' 
hereafter,  they  form  a  very  characteristic  feature  of  the  granite,  and  as 
such  must  be  mentioned  here. 

Distribution, — Immediately  at  the  eastern  slope  of  the  Front  range 
the  granite  begins,  extends  westward  to  station  91,  and  a  few  miles 
beyond  stations  93  and  94,  bordering  the  east  side  of  Oil  Creek  Valley. 
At  the  northern  boundary  of  this  valley  it  sets  in  again,  se])aratiug  two 
large  volcanic  areas  by  a  band  of  three  to  six  miles  in  width.  West  of 
Oil  Creek  it  is  found  in  all  the  deeper  canons,  while  trachorheites  cover  the 
high  plateaus.  Along  Currant  Creek  it  is  exposed  in  a  strip  from  one 
and  a  half  to  two  miles  wide,  increasing  this  width  toward  stations  71 
and  72.  The  greater  portion  of  Cottonwood  Creek  runs  in  granite ;  also 
a  part  of  Tallahassee  Creek.  On  the  Arkansas,  granite  appears  again 
about  half  a  mile  west  of  Canyon  City,  and  continues  westward  to  sta- 
tion C,  with  a  single  interruption  opposite  station  10,  where  Cretaceous 
rocks  form  the  bed  of  the  river  for  a  short  distance.  Small  ijatches  of 
it  appear  at  stations  58',  58,  and  57.  West  of  Badger  Creek  several 
such  patches  occur.  The  second  extensive  mass  of  it  runs  api)roxi- 
mately  parallel  to  the  Arkauvsas,  forming  its  eastern  bank.  From  sta- 
tion 52  southward  it  continues  until  a  point  is  reached  within  two  miles 
of  stiition  5,  where  the  volcanic  rocks  cross  the  river. 

Ik^sting  immediately  upon  the  granite,  we  find  the  Silurian  character- 
ized by  but  a  fetiF. fossils  and  the  well-known  quartzitic  formations. 
From  a  distance  these  beds,  situated  in  the  western  portion  of  section  a, 
may  easily  be  mistaken  for  the  prevalent  trachorheites,  as  they  form 
steep,  although  not  high,  blufts,  rising  abruptly  from  the  granite, 
capping  some  of  its  highest  points  along  a  line  of  about  15  miles. 
Their  quartzitic  constitution  allows  them  to  resist  atmospheric  infiuences 
for  a  greater  length  of  time  than  the  under  and  overlying  rocks,  so  that, 
taking  all  these  points  into  account,  they  form  a  well-defined  character- 
istic horizon.  At  times  the  rock  partakes  more  of  the  character  of  a 
limestone,  but  in  that  case  segregations  of  siliceous  matter,  mostly  in 
the  shape  of  chalcedony  and  hornstone,  aftbrd  a  welcome  lithological 
feature  of  distinction.  Wherever  the  Silurian  formation  occurs  in  sec- 
tion rt,  it  conformably  underlies  the  Devonian  and  Carboniferous  as  far 
us  could  be.  ascertained.  Beginning  in  the  northwest  corner  of  this 
section,  we  find  a  narrow  strip  of  strata  belonging  to  the  Silurian  period, 
running  from  about  one  mile  north  of  station  53,  down  in  a  southeasterly 
tlirection,  until  it  reaches  the  Arkansas,  forming  by  its  course  the  ap- 
l>roximate  representation  of  a  large  S.  At  station  53,  which  is  located 
on  a  dark-gray  limestone,  with  hornstone  segregations,  ascribed  to  the 
Silurian,  the  strata  dip  at  an  angle  of  9^  to  12°  almost  due  east,  gradu- 
ally lessening  the  degree  of  their  dip  as  they  extend  eastward.  A  sec- 
tion running  through  station  53,  at  north  27°  east,  shows  the  following 
strata,  which  I  have  referred  to  the  Siluri.an. 

nesting  immediately-  upon  a  coarse-grained  red  granite,  we  find  a  blu- 
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iah  quartzitic  limestone,  weathering,  in  heavy  strata,  very  hard  and 
(impact,  eontainiug  nuuicrous  criuoid  remains,  closely  resembling  the 
plates  of  Meterocrinus,  Besides  these,  a  few  specimens  of  Orthocei-as 
were  found,  but  in  too  poor  a  state  of  preservation  to  admit  of  any 
specific  identification.  From  these  beds,  (section  Aa,)  the  next  strata,  of 
hard  gray  limestone,  are  separated  by  a  thin  layer  of  dark-gray  slaty 
shales,  as  it  is  underlying  the  limestone  (b)  that  formed  the  top  of 
the  plateau  upon  which  station  53  was  located.  The  upper  stratum  of 
this  limestone  contains  a  number  of  corals  and  SpongidWj  and  upou  it 
follow  thick  beds  of  white,  yellow,  and  pink  qnartzites  (c)  weathering 
into  angular  fragments,  not  at  all  conducive  to  the  comfort  of  travelers. 
This  pink  color  seems  to  be  of  some  iniportance,  as  it  recurs  in  several 
localities,  and  probably  afifords  a  good  constant  geognostic  horizon.  Its 
color  is  usually  a  delicate  pink,  sometimes  sUiiued  with  yellowish  or 
reddish  streaks  and  blotches.  Higher  up,  the  character  of  these  quartz- 
ites  changes ;  they  turn  into  a  light-red  sandstone,  much  less  compact 
in  texture.  With  this  sandstone  1  close  the  Silurian  of  that  locality,  as 
the  lithologicid  character  of  the  strata  changes  radically,  and  a  little 
higher  up  Carboniferous  fossils  are  found.*  It  is  obvious  that  no  careful 
detail-studies  of  these  formations  could  be  made  at  the  time,  and  there- 
fore the  paleontological  part  nmst  necessarily  appear  meager. 

Extending  to  the  south  for  a  distance  of  seven  to  eight  miles,  the 
Silurian  retains  verj*^  well  the  character  above  given.  Again,  we  find 
all  along  that  the  quartzitic  limestones  rest  directly  on  the  granite, 
forming  a  sharp,  very  distinct  boundary.  But  little  change  is  noticeable 
in  the  dip  of  the  strata,  both  as  regards  direction  and  angle  of  dip, 
which  at  places  rises  to  15°  to  IG^,  rarely,  falling  below  IC^,  however. 
Station  55  was  located  on  the  same  strata  as  station  53,  and  a  compari- 
son of  their  features  and  succession  leads  to  the  same  result  as  before. 
About  one  mile  south  of  station  55,  the  Silurian,  and  with  it  all  the 
sedimentary  beds,  suddenly  change  their  course,  making  an  angle  of 
about  90^  to  the  eastward,  instead  of  following  their  main  course  in  a 
southerly  direction.  With  this  turn  the  dip  changes,  swinging  around 
more  to  the  north,  so  that  we  find  it  a  little  north  of  east.  Probably  the 
cause  of  its  having  been  changed  may  be  looked  for  in  the  eruption  of  tra- 
chorheites  directly  south  of  the  deflected  line.  The  edge  of  the  Silurian, 
which  has  narrowed  down  considerably,  is  at  some  places  most  likely  in 
contact  with  the  trachorheites,  although  I  did  not  succeed  in  finding  any 
point  where  this  was  distinctly  shown.  Going  eastward,  as  we  approach 
Badger  Creek,  we  find  a  patch  of  coarsegrained  granite  appearing, 
which,  as  usual,  directly  underlies  the  Silurian  on  the  west  side,  while 
on  the  opposite  it  underlies  the  volcanic  rocks.  A  section  carefully 
taken  from  station  50,  in  the  direction  south  45°  west,  running  for  a 
distance  of  ten  miles,  until  it  reaches  the  volcanic  strata  south  of  the 
sedimentary,  may  serve  to  illustrate  the  formations  here.t 

Proceeding  from  the  southwest,  we  find  the  granite  partly  coarse- 
grained, partly  fine.  It  is  the  same  patch  referred  to  in  discussing  the 
granite  ol*  section  a  as  porphyritic  granite.  A  series  of  yellow  to  light- 
brown,  hard  quartzites  are  deposited  upon  it,  weathering  in  tabular 
fragments.  At  first  these  quartzites  (Plate  IX  b)  show  a  steep  dip  to 
the  northeast  of  35°,  but  it  decreases  with  increasing  distance  from  the 
granite.    Above  these  strata  wo  find  white  and  pink  quartzites  of  very 

*  The  retuainder  of  the  section  givou  wiU  bo  treated  of  when  speaking  of  the  Carbon- 
iferous formation. 

tFor  convenience  only  that  part  containing  tho  sodimeutary  beds  has  been  taken 
out.    The  entire  section  wiU  bo  given  when  speaking  of  the  volcanic  rocks. 
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fine  texture,  which  are  in  turn  covered  by  yellowish  shales  (/)  that  can 
be  referred  to  the  Carboniferous,  as  in  section  A,  Plate  VIII,  preceding. 
It  seems  probable  that  the  Lower  Silurian  blue  limestones  underlie  these 
quartzites,  although  they  were  not  found. 

Scarcely  a  mile  east  of  this  part  of  Badger  Creek,  a  little  north  of 
station  58',  the  Silurian  makes  a  second  turn ;  this  time  from  west  to 
east  toward  north  to  south,  again  running):  parullel  to  the  first  line  of 
outcroi)i>ing  mentioned  above,  thus  comj>leting  the  S-shaped  figure. 
Station  5S'  is  located  on  the  quartzitic  stnita.  A  few  miles  south  of 
this  station  the  limestones  appear,  and  remain  either  entirely  or  par- 
tially exi)osed  during  the  remainder  of  the  line  followed  by  this  forma- 
tion in  section  a.  The  dip  is  not  steep ;  never  much  exceeding  15^  to 
18*^,  and  is  a  little  north  of  east.  Three  or  four  miles  south  of  station 
58'  the  band  of  sedimentary  rocks  becomes  very  nan-ow.  A  third  turn 
is  taken  east  of  station  57'  of  about  28^  to  the  west,  from  which  i>oint 
the  Silurian  runs  down  to  the  Arkansas,  bordering  the  east  side  of  the 
trachorheites.  It  is  exposed  on  the  Arkansas  for  a  short  distance. 
<  )n  the  south  side  of  the  river  this  formation  appears  again,  but  no 
direct  connection  between  the  two  sections  can  be  traced. 

Only  about  eighteen  square  miles  are  covered  by  the  Silurian,  because 
its  breadth  is  very  inconsiderable,  although  the  meandering-line  run- 
ning from  station  53  to  the  Arkansas  is  almost  thirty-two  miles  in  length. 
Orographically,  the  Silurian  is  of  slight  importance  in  the  formation  of 
plateaus  of  small  extent,  sloping  off  gently  to  the  north,  northeast,  and 
east.  Farther  north,  beyond  the  limits  of  our  district,  this  formation 
is  found  occurring  in  much  greater  bulk,  and  it  seems  that  southward 
the  conditions  for  its  formation  in  Silurian  ages  may  not  have  been  at 
all  favorable.  Whether  any  of  the  strata  above  the  ones  just  spoken 
of  should  be  referred  to  the  Devonian,  I  am  unable  to  say.  The  poorly- 
presi-rved  I'elics  of  paleontological  testimony  that  could  be  obtained 
were  so  few  and  so  unsatisfactory  that  I  can  have  no  decided  opinion 
upon  the  subjeet,  although  I  am  inclined  to  think  the  Devonian,  if 
represented,  is  no  formation  of  great  extent,  either  vertically  or  hori- 
zontally. 

The  Carboniferous  formation  of  section  a  shows  some  very  interesting 
features.  In  the  eastern  portion  of  the  section  no  rocks  were  observed 
that  c?ould  be  referred  to  this  age ;  it  was  found  only  in  the  western,  in 
connection  with  the  Silurian  just  spoken  of.  From  station  53,  a  belt  of 
it  stretches  along  a  little  east  of  south,  from  three  to  four  miles  wide, 
bordered  on  the  east  by  the  familiar  coarse-grained  red  granite,  on  the 
west  by  the  Silurian.  Xorth  west  of  station  54  it  forms  a  small  synclinal 
valley,  dipping  from  either  border  toward  the  center  at  an  angle  of  7^ 
to  90.  Adapting  its  course  to  that  of  the  underlying  Silurian,  it  makes 
the  sharp  bend  below  station  55^  and  then,  running  in  an  easterly  direc- 
tion, gradually  pinches  out  until  it  becomes  very  narrow.  Owing  to 
the  overflows  of  trachorheites,  only  small  patches  of  it  are  exposed  on 
that  easterly  line,  large  masses  apparently  being  covered.  Eemaining 
in  a  conformable  position  to  the  underlying  rocks,  the  Carboniferous 
follows  the  second  bend  north  of  sta.tion  oS'y  and  thence  continues  south- 
ward in  a  very  narrow  strip  for  about  six  miles.  At  that  point  then 
the  lower  limestones  are  deflected  a  little  to  the  west;  the  sandstones, 
farther  north  of  no  great  dimensions,  are  enormously  developed ;  and  the 
upper  limestones  make  their  appearance.  Of  the  la/tter,  a  spur  bian(;hes 
off  to  the  east  and  runs  through  a  granitic  country  for  a  distance  of 
about  seven  miles,  dipping  northeast  to  east,  and  then  comes  to  an  end 
without  connecting  again. 
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The  sandstones  extend  down  to  the  Arkansas,  form  the  bed  of  the 
river  for  some  distance,  and  are  again  found  on  the  other  side.  Pro- 
ceeding to  the  consideration  of  the  stratigraphical  and  lithological  con- 
ditions observed  in  this  formation,  I  refer  to  section  A,  Plate  VIII. 
Eeclining  upon  the  reddish  Silurian  sandstone,  and  conformable  with 
it,  is  a  thick  stratum  of  yellow  and  brown  sandy  shale  {d)  covered  by 
light-yellow  and  gray  shales.  These  two  strata  weather  very  regularly, 
forming  a  gentle  slope,  which  is  broken  by  the  overlying  limestone,  (c,) 
giving  occasion  to  the  formation  of  a  gradually-rising  biuli'.  On  (Expos- 
ure, this  limestone  weathers  white,  while  its  color  on  a  fresh  break  is 
grayish  blue.  Quite  near  the  top  of  the  eminence  formed  by  it,  a  i'ew 
fossils  were  obtained,  representing  OrtJn\  Productits,  and  Orthocerm. 
Overlying  the  limestone,  we  find  shales  of  a  gray  and  brown  color,  (/,  ^,) 
which  in  turn  are  succeeded  by  other  shales,  more  sandy,  however.  All 
of  them  weather  quite  dark,  and  produce  a  gently  undulating  surface, 
which  is  brought  to  a  close  by  a  series  of  heavy  strata  of  dark-blue 
limestones,  {/*•)  capped  by  brown  sandstone,  (/.)  The  latter  is  middle- 
grained,  partly  argillaceous,  and  contains  small  aggregations  of  magne- 
tite crystals. 

To  show  the  position  of  the  Carboniferous  with  reference  to  surround- 
ing formations,  a  section  may  serve,  running  from  station  40  in  a  course 
of  east  GO  north  for  a  distance  of  about  twenty-one  miles.  (Section  B, 
Plate  VIII.) 

Station  40  is  located  on  the  west  side  of  the  Arkansas,  on  a  mountain 
of  i)robably  Post  Silurian  granite.  Descending  from  that  into  the  valley 
of  the  Arkansas,  we  find  the  base  covered  with  drift.  On  the  east  bank 
of  the  river,  a  bluff*  of  light  colored  trachyte  («)  rises  abruptly,  forming 
a  small  cone,  the  edges  of  which  partially  ovei-flow  the  succeeding  red 
granite,  which  forms  low  hills,  until  the  steep  Silurian  ledge  is  reached. 
In  detail  of  the  Silurian  I  may  refer  to  section  A,  Plate  VIII.  It  has  a 
dip  of  10^  to  12^  eastward,  underlying  the  Carboniferous  strata.  For 
the  latter  the  character  given  in  section  A  is  applicable.  Descending 
to  an  elevation  of  about  9,300  feet,  (caun)  40,)  the  trough  of  a  shallow 
synclinal  valley  is  reached,  and  from  that  point  the  strata  begin  to  rise 
again  toward  the  east,  gradually  at  first,  increasing,  however,  to  a  rise 
of  150.  The  sandstone  upon  which  station  54  was  located  dtws  not  ex- 
tend far  enough  north  to  be  cut  by  this  section.  It  was  impossible  to 
determine  whether  the  Silurian  again  outcrops  at  this  eastern  junction 
of  Carboniferous  with  the  granite,  but  it  seems  highly  probable.  Gran- 
ite that  is  lithologieally  identical  with  that  between  stations  51  and  53 
appears  east  of  the  edge  of  the  termination  of  sedimentary  beds.  Tra- 
chorheites  (e)  form  the  last  member  of  this  section,  having  overflowed 
a  large  portion  of  the  granite,  and  not  unlikely  also  some  of  the  sedi- 
mentary beds. 

]^eariijg  Badger  Creekfrom  the  west,  theCarboniferousnarrows  with  the 
Silurian,  while  the  sandstone  of  station  54  pinches  out  entirely.  About 
five  to  six  miles  southwest  of  station  50  a  very  interesting  and  in- 
structive point  is  found  demonstrating  the  position  taken  by  the  volcau^ic 
rock  to  sedimentary.  The  section,  a  portion  of  which  has  been  used 
in  to  illustrate  the  geognostic  features  of  the  Silurian,  is  taken  so  as  to* 
cut  the  points  referred  to.  Overlying  the  yellowish  shales,  interstratified 
with  quartzites,  which  have  been  referred  to  the  Upper  Silurian,  are 
a  series  of  blue  limestones  (/)  irregularly  alternating  with  gray  shales 
containing  Ortliis  and  crinoids.  Possibly  these  shales  mi  jht  be  I'egarded 
as  Devonian,  but  the  absence  of  any  typical  fossils  by  which  a  correct 
classification  could  be  made^  allows  them  to  be  placed  either  in  that  posi- 
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tion  or  as  tbe  oldest  CarboDiforons,  which  I  prefer  in  this  instance  for 
stnitigraphical  reasons.  Hluish  shales  (m)  that  have  been  eroded  con- 
siderably follow,  forming  the  bottom  of  a  narrow  valley,  and  are  covered 
in  tnrn  by  a  gray  saccharoidal  limestone  (??)  rising  steeply  from  them. 
A  gentle  dip,  abont  7^  to  IQo,  pervades  throughout,  gradually  lessening 
toward  the  northeast,  rroeeediug  onward  in  that  direction,  the  red 
sandstone,  which  has  not  appeared  for  four  or  live  miles  along  the  line 
of  Carboniferous  outcrop,  is  again  found,  forming  bluffs  of  the  classical 
"hog-back '^  shape.  On  the  summits  of  these  low  bluffs  innumerable 
fragments  of  yellow,  red,  and  brown  jasper  were  found,  a  circumstance 
which  1  have  observed  in  several  instances  in  the  same  formation, 
although  many  miles  distant,  thus  affording  probably  a  slight  hint  for 
the  i)arallelization  of  strata.  Following  along  the  section-line,  a  small 
quantity  of  rhyolite  is  found  to  have  overflowed  this  red  sandstone,  (e.) 
It  appears  again,  however,  ])rol)ably  owing  to  erosion,  about  three-quar- 
ters of  a  mile  farther  on,  (f.)  The  rhyolitic  bluff*  in  question  is  about 
80  to  100  feet  high,  weathering  in  grotesque  forms.  Andesitic  tuffs  and 
rhyolite  again  cover  the  sandstone,  so  that  the  line  of  junction  can  be 
traced  for  several  hundred  yards.  A  slight  folding  seems  to  take  place 
at  this  second  exposure  of  the  sandstone,  possibly  owing  its  formatiou 
to  the  lateral  pressure  coming  from  north  and  northeast  during  the 
period  of  massive  volcanic  eru))tions.  To  facilitate  the  read}' compre- 
hension, both  of  locality  and  distribution  of  the  formation,  a  diagram 
has  been  prepared,  the  dotted  line  indicating  the  course  of  the  sec- 
tion. 

South  of  the  points  just  under  consideration,  the  Carboniferous  again 
follows  the  Silurian  in  a  very  narrow  strip,  on  its  sudden  turn,  until 
it  reaches  a  locality  about  five  miles  east  of  station  57',  where  it  sud- 
denly widens  out,  covering  a  comparatively  large  area  of  land.  Of  the 
lower  limestones,  a  i)ortion  follow  along  the  Silurian,  conformably  over- 
lying it,  and  are  in  turn  covered  by  the  red  sandstone  mentioned  above. 
An  immense  development  of  vertical  dimensions  is  attained  by  this  sand- 
stone, which  covers  an  area  of  liore  than  twenty-live  square  miles,  and 
dips  at  an  angle  of  15^  to  17^  to  the  northeast.  In  respect  to  strati- 
graphical  conditions  as  well  as  lithological  character,  its  strata  ]n'esent 
a  very  uniform  appearance.  Taking  the  thickness  of  the  combined 
strata,  it  amounts  to  more  than  5,000  feet,  while  the  development  iu 
section  h  seems  to  be  still  greater.  To  this  sandstone,  characteristic  not 
only  as  an  excellent  geognostic  horizon,  I  give  the  name  of  Arkansas 
sandstone,  from  its  proximity  to  that  river.  Running  parallel  with  the 
main  direction  of  the  formation  just  spoken  of,  is  a  spur  of  Carbonif- 
erous limestones,  west  of  stations  GO  and  01,  separated  from  the  rc^main- 
der  by  a  strip  of  granite.  A  well-marked  line  of  shaq)  bluff*!?,  the  strata 
of  v;hich  dip  steeply  to  the  eastward,  faces  the  western  bordc^r  of  this  spur. 
Favosites  and  a  few  other  fossils  that  were  found  afford  no  reliable  clew 
to  their  position,  but  for  strati  graphical  reasons  it  must  be  considered  as 
properly  belonging  above  the  Arkansas  sandstone.  Gray  and  bluish 
limestones  compose  the  entire  mass. 

As  a  nde,  the  Carboniferous  beds  form  a  continnati<mof  the  grassy  or 
wooded  slopes  initiated  by  the  Sihirian  ;  and  having  suffered  but  little, 
scarcely  at  all,  from  disturbances  of  various  kinds,  usually  i>resent 
gentle  outlines,  varied,  however,  by  the  more  sterile  sandstone  areas. 
Possessing  a  dark-red  color  and  singular  uniformity  in  features,  the  lat- 
ter make  a  less  ])leasant  impression  than  the  timbeixHA  limestone  hills 
inclosing  well-waterd  valleys. 

Between  the  formation  last  spoken  of  and  the  next  one  fo^owing,  a 
wide  gap  occurs  iu  the  adopted  succession  of  geological  epochs.    Next 
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in  age  to  Carboniferous,  progressing  from  old  toyolinger,  we  find  in  sec- 
tion a  a  series  of  beds  that  I  combine  under  the  term  Mesozoic. 

It  remains  to  be  stated  that  in  the  subsequent  pages  this  word  is  used 
to  denote  a  formation,  or  a  series  of  formations,  younger  than  the  Per- 
mian, older  than  the  Cretaceous;  so  that  its  age  will  rank  with  that  of 
the  Tiiassic  and  Jurassic.  Although  strata  tbat  must  be  referred  to 
this  group  cover  a  large  extent  of  gi'ound  throughout  Colorado,  the  pale- 
ontological  evidence  that  has  been  furnished,  by  which  its  relative  age 
miglit  be  determined,  is  very  scant — too  scant  altogether  to  admit  of 
any  thorough  or  strict  identification,  and  it  is  necessary  therefore  to 
assign  to  them  the  position  indicated  with  some  reserve. 

Interrupted  at  a  number  of  places,  this  formation  is  found  all  along 
the  eastern  slope  of  the  Front  range  in  section  a.  Following  up  Oil 
Creek,  we  find  that  a  bay  existed  there  as  late  as  the  Cretaceous  period, 
and  the  Mesozoic  beds  are  exposed  at  a  number  of  points.  West  of 
Canyon  City  the  same  beds  are  exposed,  but  do  no4 extend  into  the  Cre- 
taceous bay  that  there  runs  parallel  to  the  Arkansas  Eiver.  The  strata 
composing  the  lower  portion  of  this  series  are  usually  termed  the  "  red 
beds,"  and  form  more  or  less  steep  bluffs,  standing  out  boldly  from  the 
underlying  granite,  and  frequently  weathering  in  grotesque  groups. 
Although  not  so  strikingly  picturesque  as  the  Garden  of  the  Gods  near 
Colorado  City,  farther  south  of  that  locality  a  number  of  small  "gardens'' 
may  be  seen  that  owe  their  singular  scenery  to  the  presence  of  these 
red  beds. 

Beginning  at  the  north  end  of  the  Front  range,  as  far  as  it  is  inclosed 
by  the  limits  of  section  a,  and  traveling  southward,  the  average  thick- 
ness of  these  beds  is  found  to  undergo  but  comparatively  slight  changes. 
A  series  of  sections  comparing  the  succession  of  formations  was  taken 
along  several  points  of  the  eastern  border  of  the  range.  The  first  one 
runs  through  station  97.  the  second  at  station  96,  the  third  a  short  dis- 
tance west  of  Canyon  City  through  station  11.  All  these  have  been 
taken  at  right  angles  to  the  local  trend  of  the  range,  thus  varying  from 
east  to  south  in  direction.  Fii'st  examining  the  section  through  station 
97,  (Plate  X,  section  A,)  we  find  coarse-grained  red  sandstone  resting 
immediately  upon  the  granite,  dipping  at  an  angle  of  18°  to20o  to  the 
southeast.  Throughout  the  entire  section,  the  angle  of  the  dip  decreases 
as  the  distance  between  the  point  of  observation  and  the  junction  with 
the  granite  increases ;  therefore,  no  further  mention  will  be  made  of  it. 
The  sandstone  just  mentioned  is  covered  by  a  stratum  of  white,  also 
coarse-grained,  sandstone,  which  in  turn  underlies  red.  Upon  this  is 
deposited  a  stratum  that  presents  a  good,  well-defined  horizon  throughout 
section  a ;  it  is  the  coarse-grained  red  conglomerate,  (c,)  varying  some- 
what in  thickness.  It  may  be  observed  that  toward  Canyon  it  gradually 
increases.  Small  bowlders  are  \i%  component  parts,  usually  well  rounded, 
quartzitic  in  character,  but  notsufliciently  well  identified  to  assign  them 
to  any  one  of  the  observed  formations  as  their  original  place  of  deposi- 
tion. Argillaceous  material  cements  them,  and  it  can  be  said  that  from 
the  character  of  the  single  fragments  found  it  may  be  inferred  that 
they  formerly  belonged  to  some  stratum  or  strata  dei)osited  by  mechan- 
ical action.  A  series  of  red  shales  {d)  cover,  this  conglomerate,  very 
sandy  in  places,  so  that  they  might  almost  be  considered  as  highly  argil- 
laceous  sandstones,  easily  yielding  to  atjnospheric  influences.  Thick 
strata  of  red  sandstone  follow,  overlaid  by  white  and  yellowish  shales,  (e,) 
partly  dolomitic,  interstratified  with  banks  of  limestone,  llisiug  up 
from  these  beds  in  a  characteristic  bluff  is  a  yellow  sandstone,  {/,)  some- 
times shading  over  into  brown.  Bed  sandstone  overlies,  and  these  two 
together  probably  form  Cretaceous  No.  1.    White  shales  and  limestones 
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alternate,  producing  Oretaceous  fossils,  and  after  tbey  have  coutinned 
for  some  time,  after  the  blufis  reach  far  into  the  prairie,  another  sand- 
stone blufi  makes  its  appearance,  which  may  be  regarded  as  the  lowest, 
or  one  of  the  lowest  members  of  the  Tertiary,  (i.)  Throughout  the  red 
beds  no  fossils  were  found.  Proceeding  in  a  southwesterly  direction^ 
the  section  (B)  taken  through  station  90  presents  the  following  aspe^^t: 

Kci'lining  against  the  granite  of  the  Front  range  we  find  a  redsanA- 
stcne,  dipping  off  to  the  southeast  at  an  angle  of  abi^ut  22^,  covered  by 
thin  stratum  of  bluish  limestone  and  then  white  sandstone.  Above 
these  red  sandstones  occur  again,  underlying  tbe  red  conglomerate  (c) 
mentioned  above,  which  bears  the  same  character  throughout.  Eed 
shaly  sandstones  are  found  above  the  conglomerate,  becoming  more  com- 
pact as  they  go  higher,  {(I.)  Overlying  these  there  are  bluish  and  white 
shales,  (e,)  partly  dolomitic,  covered  in  turn  by  a  brownish-red  sandstone 
(/)  that  is  mostly  quartzitic.  This  sandstone  forms  the  bluff  upon  which 
station  90  was  locate^},  and  contains  numerous  remains  of  leaves.  White 
sandstones,  and  higher  up  white  marls,  shales,  and  limestones,  are  found 
above  it.  Analogous  to  the  preceding  section,  a  new  blulf  is  eventually 
formed  by  white  and  yellow  sandstones,  (?,)  belonging  perhaps  to  the 
Tertiary. 

Through  station  11,  about  a  mile  west  of  Canyon  City,  the  third  sec- 
tion is  located,  running  almost  due  east.  (Plate  X,  section  C.)  Granite 
agahi  underlies  the  red  sandstone,  dipping  at  an  angle  ot  about  24o  to 
the  east.  Tbe  succession  of  strata  is  almost  identical  with  that  given  iu 
the  i)receding  sections;  but  the  red  conglomerate  (t)  occurs  in  greater 
thickness  than  heretofore  noticed,  and  also  the  beds  overlying  it  are  moro 
developed.  Again,  the  high  bluff  is  formed  by  a  yellow  to  light-brown 
sandstone,  (/,)  overlying  the  upi>er  Mesozoic  shales,  (<?,)  underlaying  the 
succeeding  Cretaceous,  (J.)  \iy  giving  these  three  stHitions  iu  tabulated 
form  the  constancy  in  the  succession  of  their  strata  will  become  more 
evident.  In  the  subjoined  table  the  strata  are  arranged  without  refer- 
ence to  their  thickness,  which,  as  a  rule,  increases  slightly  from  section 
A  to  li  and  to  0. 


Section  A,  Plate  X. 

Skctiox  B,  Plate  X. 

Section  C,  Plate  X. 

White  Hanildtone. 

Yellow  sandstone. 

Yellow  and  white  sandstone. 

White  ffanilittoiio  and  marls. 

Brown  and  yellow  shales. 

White  sandstone. 

Yellow  and  brown  ttandstoDc. 

Lignite  formation. 

Yellow  shales. 

WTiitn  and  y^'How  shales,  inter- 
stratilic^  with  limestones. 

White,  pT».v.  aud  vellow  lime- 
stone and  sLaleH. 

• 

White  limestones  and  shiilcs. 

White  and  pray  limestone,  with 
JiioceramuM. 

W'hite  sandstone. 

1 

W^lilte  limestone  and  marl^. 

W^hite  limestone 

Ytjllow  marls  and  shales. 

\ 

IU«d  qnartzite. 

Ited  quartzite. 

White  shales. 

1 
Reddish  saudstonc,  with  plants. 

Yellow  sandstoue,  with  plantii. 

Yellow  sandstone. 

*  KNDIJCn.] 
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Yellow  shalea  and  limestones. 

White  and  {jray  qnartsitic  sand- 
stone. 

Yellow  shales. 

White  shales  and  dolomites. 

Whito  sandstone. 

W  bite  shales  and  marls,  dolomitic. 

Red  qoartzitic  sandstone. 

Grayish  and -greenish  shales. 

Vk            «                                Y          .                                                           .      J  «                    V             « 

Red  sandstone. 

Rod  sandstones,  partly  shaly. 

White  sandstone. 

Red  and  brown  shales,  sandy. 

Ecd  shales,  sandy. 

Red  sandstone,  shaly. 

Red  sandstone. 

Ked  conglomerate. 

Red  conglomerate. 

Red  conglomerate. 

Bed  sandstone. 

Red  sandstone. 

• 

Red  sandstone. 

W  bite  sandstone  and  shales. 

Bluish  shales  and  limestones. 

Wihto  sandstone. 

Red  shales. 

Red  sandstone. 

Red  sandstone. 

Red  sandstone. 

Granite. 

Granite. 

Granit«. 

Around  the  eastern  and  northeastern  base  of  station  11  the  red  beds 
are  found  at  almost  everj  point  varying  to  some  extent  in  the  angle  of 
their  dip ;  althouj;!),  taken  all  in  all,  the  disturbance  producing  the 
never-missing  dip  in  the  Mesozoic  beds  must  have  been  quite  a  consid- 
erable one ;  but,  strange  as  it  may  seem,  it  was  certainly  one  that 
extended  over  a  large  area  of  country,  for  I  have  not  noticed  a  single 
instance  along  about  seventy  miles  of  the  eastern  slope  which  came 
under  my  observation  in  which  these  beds  were  not  conformable  with 
those  overlying  them,  and,  ixs  far  as  could  be  judged,  also  with  those 
underlying.  Undoubtedly,  the  action  producing  this  effect  must  have 
been  of  a  very  simple  and  uniform  character,  although  probably  con- 
tinued for  some  considerable  length  of  time. 

On  the  eastern  border  of  Oil  Creek  Valley,  the  red  beds  are  exposed 
only  at  a  few  isolated  points;  but  along  the  western  side,  they  form  one 
almost  continuous  line,  and  it  is  there  that  the  general  rising  of  the 
heavier  masses  of  land  west  of  it  seems  to  have  been  stronger.  In  con- 
nection with  this  formation,  a  number  of  investigations  must  be  niention- 
ed  that  have  been  made  in  Oil  Creek  Valley,  from  the  nature  of  which 
this  stream  has  received  its  name.  In  1860,  examinations  were  carried 
on  at  this  locality  with  a  view  to  finding  oil,  small  quantities  of  which 
had  been  noticed  floating  on  the  creek.* 

Several  shafts  were  sunk,  yielding  more  or  less  oil  during  the  past  ten 
years,  a  heavy  quality  of  wliich  seems  to  be  existing  in  the  higher  Me- 
sozoic strata.  Apparently  the  shafts  were  started  on  Cretaceous  ground, 
and  were  continued  through  a  series  of  shales,  sandstones,  and  lime- 
stones, with  some  yield  of  oil,  until  the  red  conglomerate  was  reached 

*  The  iuformation  upon  this  sabject  I  owe  to  the  courtesy  of  A.  Rockfeller,  esq., 
of  Caoyon  City,  who  kiudly  supplied  me  with  the  data,  for  which  I  wish  to  express 
my  thauks. 
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at  a  depth  of  about  240  feet.  Xo  careful  record  was  kept  of  the  strata 
through  which  the  drill  passed,  but  it  struck  a  '<  rotten  red  sandstone'' 
above  the  conglomerate.  That  the  hard  bowlders  contained  in  the 
conglomerate  would  be  very  injurious  to  the  chisel  can  readily-  be  im- 
agined. In  order  to  carry  on  boring-operations,  a  derrick  of  C4  feet  in 
height  was  erected,  and  the  chisel  and  drill  used  weighed,  together 
with  socket,  &c.,  2,500  pounds.  At  present  the  works  are  not  in  opera- 
tion, owing  to  a  temporary  absence  of  the  operators. 

Judging  from  evidence  obtained  in  Doctor  Peale's  district,  as  well  as 
from  a  point  in  section  ft,  it  seems  altogether  probable  that  older  forma- 
tions underlie,  frequently  conformably,  those  we  find  ui)Ou  the  surface. 
As  far  as  determinable,  no  red  conglomerate  crops  out  in  Oil  Creek 
Valley,  although  the  evidence  of  its  existence  there,  at  a  depth  of  240 
feet,  is  aflbrded  by  the  results  obtained,  and  this  existence  may  furnish 
hints  for  inferences  to  be  drawn  at  other  localities,  where  similar  circum- 
stances occur.  A  section  through  Oil  Creek  Valley,  running  nearly 
north  to  south,  (Plate  XI,)  will  show  the  relations  of  the  strata.  Anal- 
ogous to  the  Mesozoic  sections  previously  given,  the  red  shaly  sandstone 
(c)  is  overlaid  by  whitish  and  greenish  shales,  (e/,)  separated  from  those 
superincumbent  by  a  thin  stratum  of  bro\Miish  sandstone.  Above  this 
sandstone  remains  of  saurians  were  found,  fragments  of  bouts,  but  too 
poorly  preserved  to  admit  of  any  identification.  Whether  they  are  in 
situ  or  not  at  that  point  I  am  unable  to  say.  Overlying  the  Meso- 
zoic, we  find  in  this  valley  the  Cretaceous,  beginning,  as  usual,  with  a 
yellow  to  light  brown  sandstone.  A  number  of  box-shai>ed  bluffs  are 
formed  by  the  upper  shales  and  capped  by  this  sandstone.  Taking  a 
section  through  one  of  them,  situated  a  short  distance  north  of  station 
^j  we  find  the  following  succession,  (Fig.  1,  Plate  XII:) 

a.  CO  feet  red  sandstone. 

h,  40  feet  white  and  greenish  shales. 

c.  8  feet  brownish  sandstone. 

d.  35  feet  white  and. yellow  shales  and  marls. 

e.  10  feet  light-brown  sandstone. 
/.  25  feet  white  sandstone. 

g.  40  feet  light-brown  and  yellow  sandstone,  interstratified  with  dark- 
gray  slaty  shales. 

Only  a  very  small  area  is  covered  by  the  Mesozoic  formation  in  section  a, 
as  it  is  exposed  mainly  along  the  eastern  edge  of  the  Front  range,  merely 
in  a  narrow,  sometimes  broken,  line.  With  the  exception  of  those  occur- 
rences along  Oil  Creek,  in  the  mouth  of  the  Cretaceous  bay,  west  of  Can- 
yon, and  at  a  point  north  of  station  95,  the  remnant  of  some  small  bay, 
section  a  shows  no  strata  removed  from  mountain  slope  that  might  bo 
referred  to  this  group.  Careful  investigation,  perhaps  the  disco\'ery  of 
some  fossils  in  these  beds,  may  lead  to  a  recognition  of  their  proper 
position  in  the  adopted  scale  of  geological  ages;  and  until  that  is  accom- 
plished, it  will  be  necessary'  to  speak  with  reserve  when  parallelizing 
these  formations  with  Triassic  and  Jurassic  of  other  regions. 

Continuing  in  a  conformable  series,  we  find  the  formation  referred  to 
the  Triassic  and  Jurassic  overlaid  by  the  Cretaceous.  The  character  of 
the  Cretaceous  formation  in  the  western  Territories  has  been  so  well 
establishe<l  that  it  is  comparatively  easy  to  identify  its  various  members 
and  refer  them  to  an  adopted  schedule.  As  seen  in  the  sections  of  Plate  — , 
a  very  distinct  horizon  is  formed  by  a  stratum  of  yellow  or  brownish 
sandstone,  quartzitic  at  times,  usually  capping  a  row  of  bluii's.  This 
sandstone  contains  numerous  remains  of  plants  in  different  stages  of  ines- 
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ervation,  and  forms  the  lowest  stratnm  of  the  Cretaceous.  It  is  Creta- 
ceous No.  I.  At  Canyon  City,  the  sequence  of  the  strata  can  be  well  seen 
by  ascendiu;):  one  of  the  blufis  north  of  the  Soda  Spring,  and  looking 
eastward. 

Eetaining  the  same  curves  that  are  followed  by  the  underlying  strata, 
the  Cretaceous  skirts  the  east  and  southeast  slope  of  the  mountains 
throughout  section  a,  dipping  more  steeply  near  them,  approaching  the 
level  toward  the  plains.  At  Oil  Creek  it  forms  a  bay  of  about  eleven 
miles  in  length  and  from  two  to  six  miles  in  width;  another  smaller  one, 
of  about  three  to  four  miles  in  length,  is  found  a  short  distance  west  of 
Oil  Creek.  More  gently  rolling  surface  characterizes  these  bays  with 
their  low  bluffs.  West  of  station  11  another  bay,  about  as  long  as  the 
one  up  Oil  Creek,  occurs,  but  very  narrow.  Opposite  station  10  this  bay 
forms  an  oblong  arm,  crossing  the  Arkansas.  Throughout  the  Creta- 
ceous strata  are  conformable  with  those  underlying,  so  far  as  could  be 
determined.  The  beds  show  very  little  variety,  and  but  few  fossils 
were  found  in  them,  Inoceramus  and  Ostrea  being  among  the  most 
numerous.  At  Canyon  City  a  spring  rises  in  the  Lower  Cretaceous  beds 
that  attracts  considerable  attention  on  account  of  its  agreeable  taste 
and  freshness,  in  consequence  of  a  liberal  supply  of  carbonic-acid  gas. 
Tliis  spring  is  located  about  a  third  of  a  mile  west  of  Canyon.  A  quali- 
tative analysis  is  given  b;y*Mr.  P.  Fraser,  (Report  United  States  Geolog- 
ical Survey,  1869,  p.  218,)  showing  the  following  constituents : 

KaO  COa 
MgO  CO2 
CaO  CO2 
AI2  O3 
Fe,  trace. 
I,  trace. 

A  comparison  of  the  sections  given  on  the  Plate  will  show  the  uniform- 
ity existing  in  the  Cretaceous  strata  sloping  off  from  the  Front  range 
Above  the  yellow  to  brown  sandstones  follow  series  of  white  shales  and 
limestones,  forming  a  row  of  hogbacks  north  of  Canyon  City,  filled  with 
fragments  of  Inoceramus.  Westward,  beyond  station  10,  Cretaceous  Nos. 
2  and  3  appear,  with  Ostrea  complexa  in  light-gray  to  yellowish  shales. 
They  have  a  gentle  dip  eastward,  varying  several  times  on  account  of 
small  local  changes  in  the  niveau  of  the  valley.  A  sandstone  that  may 
belong  to  No.  4  or  5 — no  fossils  were  found  in  it — overlies  some  of  the 
limestones  of  that  region.  Apparently  Cretaceous  Fos.  2  and  3  rest  im- 
mediately upon  granite,  and  it  seems  doubtful  whether  any  considerable 
thickues^s  of  older  strata  would  be  found  below.  On  the  south  side  of 
the  Arkansas,  No.  1  rests  upon  the  granite,  so  that  it  is  likely  to  extend 
northward  far  enough  to  underlie  the  succeeding  strata. 

Along  the  Front  range  it  becomes  a  matter  of  interest  to  determine 
the  end  of  the  Cretaceous  and  the  beginning  of  the  Tertiary.  It  seems 
that  the  age  of  the  Lignitic  group  following  the  Cretaceous  can  only  be 
settled  by  very  careful  and  accurate  observations.  It  is  possible  that 
the  coal-beds  farther  north  and  those  of  Colorado  may  not  be  the  same 
geologically ;  and  while  the  determination  of  their  exact  position  is  at 
present  based  upon  paleontological  evidence,  it  does  not  seem  to  confirm 
either  their  Cretaceous  or  Tertiary  age.  In  section  a  we  found  no  coal, 
although  some  of  the  bluffs  showed  dark  shales  resembling  those  farther 
south  of  Canyon,  where  the  coal  occurs. 

Some  distance  from  the  mountains  a  number  of  bluffs  occurs  along  the 
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eastern  slope  of  the  Front  ranjjo,  among  wliiirh  probably  tlio  Cocene 
must  l>e  looked  for,  but  our  work  did  not  take  us  near  enoiig^h  to 
make  any  satisfactory  observations.  No  uneont'onnability  was  noticed, 
althouj;;li,  if  there  was  really  one,  it  would  be  somewhat  obscured  by  the 
very  small  angle  at  which  the  strata  dii)  otf  into  the  plains. 

This  will  close  the  discussiouof  the  sedimentary  formations  of  section 
a,  and  only  the  volcanic  rocks  and  the  *'  removed ''  material  I'emains. 

South  of  Pike's  Peak,  beginning  within  a  slnn't  distance  of  it,  we  find 
a  large  isolated  mass  of  volcanic  material.  OrographicaHy,  this  portion 
of  the  country  is  characterized  by  a  number  of  pointed  conical  ]>enks, 
the  ivcognized  type  of  volcanoes,  although  it  is  not  to  be  understood 
that  they  are  all  cones  formed  by  volcanic  eruption.  Their  elevation  is 
generally  so  high  as  to  let  them  be  c<mimanding  points,  and  several  of 
them  were  for  that  reason  selectetl  as  topographical  stations^  Iligh 
plateaus,  covered  with  grass  and  quaking  asp,  usually  denote  the  exten- 
sive Hows  of  lavoid  material,  and  precipitous  cliti's,  mostly  of  dark  color, 
frequently  show  curious  freaks  of  weathering.  This  one  mass  seems  to 
be  perfectly  isolated  from  all  the  rest  at  pres(»nt,  but  probably  at  some 
jormer  time  a  connection  existed  between  it  and  the  more  westerly  por- 
tions. CJoing  westward,  another  area  covered  by  it  is  found  after  cross- 
ing Oil  Creek.  The  character  is  almost  idc^ntical  with  that  just  described, 
only  that  tht^  plateaus  extend  for  longer  distances.  Currant  Ci'eek 
forms  the  western  border  of  one  portion  and  the  eastern  of  another. 
Near  station  50,  the  country  becomes  nuue  rolling,  more  like  high  prai- 
ries, with  isolated,  prominent  ])eaks  of  volcanic  rock.  From  there,  this 
material  (».\tends  northward  and  spreads  considerably.  A  fourth  por- 
tion is  located  immediately  northwest  of  the  heavy  mass  of  Arkansas 
sandstone  spoken  of  above.  Granitic  outcrops  occur  in  several  points 
throughout  that  i)ortion.  To  the  south  it  crosses  the  Arkansas,  forms 
a  few  low  hills,  and  disappears.  The  western  Ixmndary  is  nearly 
parallel  with  the  river  course,  following  that  sharp  bend  made  by  the 
Arkansas  about  eight  miles  south  of  Centreville.  Stations  51  and  53 
are  located  on  a  little  spur  of  a  volcanic  ridge.  As  a  rule,  the  volcanic 
rocks  of  section  a  overlie  granite,  but  in  several  instanc(»s  tlu\v  cover 
sedimentary  beds.  Erosion,  perha))s  not  without  the  help  of  some 
oth<»r  agent,  has  carried  away  portions  of  them  in  such  a  manner  as  to 
leave  the  b(Mls  of  the  largest  creeks  in  granite.  Interesting  studies 
could  \n*  made  by  attem])ting  to  trace  the  direction  and  extent  of  every 
liow  of  these  lavas,  and  to  determine  what  percentage  of  them  are  vol- 
canic eruptive,  what  are  massive  eruptive. 

Upon  entering  into  any  description  of  the  volcanic  formations  of  any 
locality,  it  becomes  necessary  to  detine  the  basis  upon  which  it  is  done. 
Discrimination  in  nonumclature  of  vol(»anic  ri>cks  has  been  sadly  neg- 
lected, and  a  nnmln^r  of  terms  have  been  a])plied  without  any  acceptable 
justification.  Innumerable  varieties,  including  texture  and  structure 
as  well  as  mineral  constituents,  increase  the  dilllculty  of  arriving  at  any 
dertnite  conclusi<ms,  without  a  comprehensive  knowledge  of  the  entire 
western  volcanic  products,  while,  on  the  other  hand,  the  great  variety  of 
specimens  tends  to  mislead. 

liichthofen,  in  his  very  able  monograph  On  a  Natural  System  of  Vol- 
canic Itocks,*  refers  the  name  trachyte  to  a  delinite  order  of  rocks, 
comprising  within  that  order  two  lamiiies.  The  linutation  of  this  term 
that  has  i)r(»viously  b(»en  used  indiscriminately  for  a  number  of  trachoid 
rocks  was  uudoubtedl}'  a  step  toward  that  imjirovement  which  is  so  much 

*  Memoirs  of  tbc  Culiforuia  Academy  of  Scieucc,  Iffikif  vol.  i,  part  ii. 
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needed  in  petrography.  Propylite,  andesite,  trachyte,  and  rhyolite 
are  very  closely  related  in  lithological  character  as  well  as  in  the 
mode  of  occurrence,  &c.,  and  almost  invariably  are  found  in  close 
I)roxiinity  to  each  other.  It  seems  impossible  to  trace,  while  in  the 
field,  the  boundaries  of  each  one  of  these  orders,  although  prop.vlite 
])erhaps  may  be  more  readily  separated  than  the  rest,  and  I  shall,  there- 
lore,  speak  in  this  report  of  trachorheitos,  which  term  comprises  the 
four  above-mentioned  rocks.  Propylite  does  not  occur  in  our  district, 
so  the  term  will  indicate  only  andesite,  trachyte,  and  rhyolite,  the 
definition  of  which  is  accepted  as  Itichthofen  gives  it. 

The  patch  of  formations  belonging  to  this  group  occurring  imme- 
diately south  of  Pike's  Peak  presents  as  its  most  prominent  feature 
lighter  colors  than  ordinarily,  varying  in  color  from  light  red  and  gray 
to  ;^ollowish  brown  and  bluish  gray.  Several  very  regularly-shaped 
cones  indicate  the  points  of  outflow  in  this  portion ;  Mount  Pizgah 
being  one  of  the  most  prominent  among  them.  Layers  of  more  or 
less  thickness  have  overflowed  the  underlying  granite,  forming  high 
plateaus,  with  quite  frequently  steep  edges.  Farther  west  we  find  a 
second  large  mass  of  trachorheites,  upon  which  stations  G9  and  70  arc 
located.  Andesite  forms  the  main  bulk  of  this  portion,  accompanied 
by  a  series  of  breccias  and  tuffs.  Pichthofen  says,  (ibid,,  p.  25,)  "Aude- 
sitic  mountains  are  characterized  by  monotony  in  scenery.  Ihey  form 
continuous  ranges,  which  are  often  of  considerable  elevation  and  extent, 
but  exhibit  gentle  outlines  in  their  summits  as  well  as  in  their  slopes. 
Breccias  only,  which  accompany  the  solid  rock  ordinarily  in  vast  quan- 
tities, cause  local  interruptions  of  the  monotony  by  their  more  rugged 
forms.  They  appear  in  castle-shaped  rocks  on  the  crests  of  andesitic 
mountains,  and  form  high  walls,  naked  and  steep  along  their  slopes.^ 
J^ng  and  narrow  plateaus  run  out  a  considerable  distance,  ialling  off 
steeply  on  several  sides,  usually  on  those  farthest  distant  from  the  point 
that  supplied  them  with  volcanic  material. 

Frequently  a  stratified  structure  is  noticeable,  giving  the  bluffs  a 
very  unique  terrace-shaped  form.  It  would  l>e  of  importance  to  estab- 
lish the  mineralogical  and  chemical  nature  of  these  terraces  relatively. 
At  some  points,  strata  of  white  ashy  material,  that  probably  did  not 
reach  its  place  of  deposition  in  a  liquid  state,  occur  among  the  trachytes 
and  rhyolites,  and  can  be  traced  for  a  considerable  distance.  As  far  as 
could  be  determined,  andesite  forms  the  heaviest  masses  of  hills  and 
mountains,  but  immense  quantities  of  tuff  and  breccia,  the  latter 
appearing  sometimes  as  if  it  might  have  been  redeposited  b}'  water, 
cover  the  greater  part  of  the  andesite,  and  allow  if  to  outcrop  only  at 
comparatively  few  places.  True  trachytes  are  by  no  means  wanting. 
Station  09  is  located  on  sauidin-trachyte,  having  a  maroon -colored 
cryptocrystalline  paste,  containing  a  large  number  of  sanidite  and  oligo- 
clase  crystals,  with  here  and  there  a  crystal  of  bronze-colored  mica  and 
of  a  hornblende  prism.  The  tuff  frequently  forms  clifls  of  100  to  150 
feet  in  height,  thereby  imparting  a  very  characteristic  appearance  to 
the  countrj'.  The  trachorheites  farther  west  sciircely  vary  in  character. 
Andesite  seems  to  be  the  oldest  rock  among  them,  and  forms  the  bulk 
of  almost  all  the  higher  i)eaks.  Station  12  is  locate<l  on  a  bluish-gray 
andesite,  with  microcrystalline  paste,  with  small  crystals  of  oligoclaso 
and  some  of  andesite.  Narrow  needles  of  hornblende  are  scattered 
throughout,  and  a  small  quantity  of  black  mica  is  found.  Upon  being 
pulverized,  magnetite  can  be  extracted  from  the  powder.  Ilot  vesicular 
breccia,  that  has  been  covered  again  by  a  subsequent  flow,  and  baked 
toajaspery  hardness,  occurs  throughout^  changing  sometimes  with  a 
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finegrained  ash.    One  feature  I  \N^ill  not  omit  here,  as  it  is  consbint  in 
the  entire  western  part  of  section  a.     The  long,  stretched  plateans, 
haviiijLr  for  a  basis  either  andesite  or  toff,  arc  almost  invariably  crowned 
with  a  highly  vesicular  flow  of  the  lava,  showing  andesiticcoinposition. 
The  color  is  dark,  almost  black ;  the  paste  very  even  in  texture,  only 
a  few  mineral  segregations  have  taken  place.  In  most  cases,  the  vesicular 
cavities  have  an  approximately  oval  shape;   but  some   were   found 
in  which  these  cavities  were  elongated  to  the  extent  of  over  half  an  inch, 
probably  owing  to  the  fact  that  the  material  was  moved,  or  moved 
on  farther,  after  having  partially  hardened.    The  cavities  are  frequently 
filled  with  carbonates  of  lime.    Oligoclase  and  sanidlte  are  conttiined  as 
small  crystals  in  the  paste.    Ilornblende  and  mica  are  rare.    Magnetite 
occurs  quite  abundantly.      It  seems,  from  the  position  this  material 
Las,  that  it  must  belong  to  the  andesite,  and,  therefore,  1  refer  it  to  that 
order,  supposing  it  to  be  the  youngest  member.    Between  the  older 
andesite  an<l  the  one  in  question  a  large  mass  of  material  is  deposited — 
breccias,  tuffs,  and  ash — this  vesicular  lava  covering  them  all ;  but  I  did 
not  observe  a  single  instance  where  true  trachyte  was  covered  by  it. 
!Refereu(!e  to  the  section  may  show  the  position  of  these  formations. 
Station  50  is  a  prominent  point,  sloping  off  gently  to  the  south,  and 
Laving  a  steep  slope  on  the  northern  side.    It  is  comi)osed  of  andesit'e 
of  a  dark  color,  whence  its  name,  '* Black''  Mountain.    The  paste  is 
fine-grained  and  dense,  not  vesicular;  small  crystals  of  oligoclase,  sani- 
dite,  and  brown  mica  occur  throughout,   lloniblende  is  rare ;  magnetite 
comparatively  abundant.    Although  the  color  of  the  rock  is  dark-gray, 
the  weatliered  surface  is  always  reddish-brown.    Proceeding   toward 
the  southwest,  we  find  the  vesicular  andesitic  lava  overlying  this  ande- 
site, but  a  cut  which  exposes  about  120  feet  vertically  shows  that  the 
vesicular  material  also  rests  immediately  upon  a  very  thick  bed,  probably 
over  200  feet  of  volcanic  ash.    This  ash  is  of  a  white,  light-greenish,  light- 
brown  to  pink  color,  very  soft,  so  that  it  will  crumble  in  the  hand,  or 
may  be  cut  with  a  knife;  it  weathers  in  very  picturesque  groups,  that 
are  well  set  oft*  by  the  variation  of  color.    Farther  down,  along  the 
slope,  tlie  tuff  sets  in,  probably  underlying  in  i)art  the  ash.    Wherever 
this  tuft*  outcrops,  it  forms  grotesque  groups  of  rocks  of  a  light-grayish 
or  yellowish  color.    After  that  the  character  changes ;  several  small 
bills  are  formed  by  rhyolite  along  the  base  of  the  mountain,  forming  to 
a  considerable  distance  small  bluffs  parallel  to  it,  and  partly  overlying 
the  tuff,  partly  the  Carboniferous   sandstone.     It  is  at  first  red,  of  jas- 
pery  texture,  with  crystals  of  sanidlte  and  oligoclase,  also  scattering 
particles  of  black  mica.    Free  quartz  can  be  noticed,  but  there  is  not 
much  of  it.    On  the  second  bluff,  the  rhyolite  is  white ;  the  paste  is  not 
quite  so  compact  as  that  of  the  red,  but  the  minerals  contained  in  it  are 
identical.    In  some  of  the  rhyolites  and  tuffs  it  may  be  noticed  that  the 
sanidite  has  a  blue  light,  like  thelabradorite,  with  which  it  may  be  readily 
confounded.    On  the  west  side  of  the  sedimentary  fonnations,  trachoi- 
rheites  are  also  found.    In  the  main,  they  seem  to  consist  in  tuffs  with  au 
andesitic  nucleus.    True  trachyte  is  not  wanting  in  either  the  section 
east  or  that  west  of  the  Carboniferous  and  Silurian.    Its  appearance  is 
more  local,  however,  and  it  aiiparantly  did  not  fiow  to  such  an  extent 
as  the  1  hyolites  or  tuffs.    Station  68  is  located  on  such  trachyte.    Iso- 
lated patches  of  granite  are  distributed  throughout  the  trachorheitic 
area  just  mentioned;  but  the  granite  that  appears  is  rarely  the  well- 
known  coarse-grained  red  variety  surrounding  all  these  volcanic  forma- 
tions; it  is  always  more  or  less  metamorphosed.    Stations  51  and  52 
are  located  on  a  narrow  strip  of  trachyte  running  down  from  the  north- 
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east.    It  is  of  white  color,  with  sanidite,  oligoclase,  black  mica,  and  iso- 
lated crystals  of  hornblende. 

The  trachorheites  in  section  a  have  a  main  strike  of  about  1(P  north 
of  east.  They  form  numerous  little  volcanic  islands,  owing  to  the 
weathering  of  their  own  and  the  underlying  strata. 

Besides  the  trachorheites,  and  perhaps  one  or  two  points  of  propylite, 
which  are  doubtful  to  me,  however,  I  have  not  been  able  to  observe  any 
other  volcanic  rocks  in  section  a.  There  remain  to  be  discussed  yet 
the  dikes,  drift,  and  ore-deposits. 

A  large  number  of  dikes,  running  from  north  to  south,  traverse  the 
granite  of  the  section  under  consideration,  varying  in  breadth  from  2  to 
100  feet.  In  most  cases  they  present  a  dioritic  composition,  consisting 
mainly  of  feldspar  and  hornblende.  The  latter  occurs  either  dissemi- 
nated in  fine  grains  throughout,  or  radiated  or  segregated  in  long,  poorly- 
developed  crystals,  or,  particularly  toward  the  two  outer  sides  of  the 
dike,  the  hornblende  assumes  a  schistose  character.  Mica  is  rarely  want- 
ing. Quartz  occurs  quite  frequently,  although  not  entering  into  the 
mineral  composition  sufficiently  to  change  its  character.  Epidote  almost 
iuvai'iably  occurs  in  small  light-green  crystals,  lining  small  fissures  and 
cavities  that  may  have  formed.  It  seems  probable,  from  the  compara- 
tively small  extent  of  these  dikes,  that  they  owe  their  existence  to  infil- 
tration and  segregation  in  preference  to  injection,  although  in  some 
cases  the  latter  may  be  true.  They  will  be  found  more  frequently  on 
the  crests  of  mountains  and  hills  than  at  any  other  part.  Drift  we  have 
none  in  section  a,  except  a  few  very  small  patches  along  the  Arkansas  ' 
River — merely  a  deposition  of  pebbles.  No  deposits  of  ores  were  found 
in  this  section. 

EesumS  of  ISection  A, — As  far  a«  could  be  determined,  little  if  any  dis- 
turbance took  place  in  section  a  before  the  closing  of  the  Carboniferous 
period.  The  eruptive  actixity  that  upheaved  the  Sangre  de  Christo  range 
in  section  b  reached  over  into  section  a,  occurring  probably  at  a  period 
shortly  after  the  deposition  of  the  Carboniferous  formations.  The 
Arkansas  sandstone  in  the  western  part  of  the  section,  as  well  as  the 
limestone  under-  and  overlying  it,  owe  their  northeasterly  dip  to 
the  action  above  mentioned.  At  the  adopted  end  of  the  Cretaceous 
period  the  entire  Front  range  began  to  rise  very  gradually,  not  rising 
equally  in  the  entire  mass,  but  faster  along  a  line  well  marked  by  the 
present  boundary  of  the  cranite.  During  that  rise  a  sufficient  amount 
of  laud  was  exposed  to  allow  the  formation  of  the  lignitic  group  to  go 
on  at  favorable  points.  IJtHs  gradual  elevation  seems  to  have  been  ac- 
celerated at  certain  i>oint9  #  little  more  than  at  others,  although  it  was 
comparatively  very  uniforitt.  By  this  means  the  beds  reposing  on  the 
giauite  were  gradually  raised ;  they  may  have  been  partly  broken,  so  as 
to  be  carried  away  more  readily  by  erosive  action,  but  probably  in  no 
instance  did  they  cover  much  more  of  the  granite  than  at  present.  Dur- 
ing the  deposition  of  the  older  Tertiary  beds  this  gradual  rise  seems  to 
have  been  still  going  on,  so  tiiat  an  uuconfonnability  that  might  be  ex- 
pected is  more  or  less  obliterated.  The  extent  of  the  motion  was  not 
very  tar  inland,  but,  as  mentioned  above,  occurred  along  a  line  running 
parallel  with  the  present  boundary  of  the  granite.  Although  antici- 
pating, I  will  state  a  feature  observed  in  section  b  that  may  serve  to 
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illuatrato  this  view.  From  the  Cretaceous  bay  that  runs  westwarcl  past 
station  11,  a  small  arm  of  oblong  shape  extends  southward^  crossing 
the  Arkansas.  The  dip  all  along  the  granite  boundary  in  the  bay  is 
toward  the  east  to  northeast,  wry  slight — only  3  or  4  degrees  in  the 
western  end  of  tlie  bay — but  the  southern  arm,  which  is  west  of  the  line 
of  rising,  shows  a  dip  to  the  west  and  southwest  throughout  of  about  7 
to  10  degiees,  increasing  toward  st^ition  11.  No  merely  local  cause 
could  be  found  to  explain  this ;  and  as  all  the  evidence  obtained  points  to 
the  fact  that  the  main  mass  of  the  mountains  partook  but  slightly  of 
the  tendency  exhibited  by  the  portion  nearer  to  the  ancient  coast,  this 
fact  may  be  considered  as  arguing  in  favor  of  the  adoptikl  view.  In 
the  western  ])ortion  of  section  a,  a  gradual  rise  also  took  plae^,  which 
gave  the  Silurian  and  Carboniferous  their  northerl}'^  and  northeasterly 
dip.  1  feel  incline<l  to  ascribe  this  to  the  eruptive  activity  going  on  in 
the  sections  farther  south,  and  shall  have  occasion  to  sx)eak  of  it  again 
in  discussing  the  dynamical  geology  thereof. 

IVrliaps  contemporaneously  witli,  certainly  not  very  long  after,  the 
elevation  of  the  granitic  masses,  occurred  the  immense  eruptions  of 
trachorheites.  In  quantity,  probably  the  tuffs  and  breccias  exceed  the 
other  forms  of  volcanic  rocks  in  section  a;  next  are  the  andesites ;  then 
the  trachytes ;  and  rhyolite  seems  to  be  rt»i)resented  by  the  smallest 
quantity.  The  eruptions  were  mostly  massive,  not  volcanic,  although 
qmt4»  numerous  cones  and  craters  exist  that  have  preserved  their  char- 
acteristic shape  very  well,  and  usually  present  commanding  points.  A 
large,  quantity  of  the  ejected  material  m.ust  have  been  in  a  liquid  state, 
while  part  of  it  may  have  bt^en  deposited  analogous  to  the  deposit  of 
ash  covering  llerculanenm  and  Pompeii.  After  "  ash  "  had  been  thus 
deposited,  frequently  subsequent  Hows  of  lava  covered  it,  and  produced 
a  metamorphic  state.  The  general  aspect  of  the  country  at  the  time  of 
these  eruptions  was  probably  a  very  monotonous  one ;  comparatively, 
but  small  effects  had  been  achieved  by  erosion,  as  is  shown  b^'the  very 
extensive  and  numerous  plateaus  formed  by  the  trachorheites.  It  seems 
quite  likely  that  the  disturbance  caused  by  aW  these  eruptions  had  a 
tendency  to  upheave  the  main  mass  of  granite,  which  no  doubt  occurred ; 
but  it  seems  further  thfit,  in  section  a,  the  uplifting  of  the  sedimentary 
beds  of  this  Front  range  was  not  owing  to  any  eruptive  action,  because 
in  that  case  local  variations  from  the  njore  general  features  would.be 
more  fre(iuent  and  more  evident.  I  may  here  refer  to  Plate  .  Yet 
a  word  may  be  said  regarding  these  sedimentary  formations.  All  along 
the  line  of  granite,  the  action  was  so  unifornrthat  almost  throughout 
the  same  beds  rest  upon  it  ai)parently,  with  the  exception  of  the  two 
Cretaceous  bays.  From  evidence  obtained  farther  north  by  Dr.  Peale, 
as  well  as  from  a  local  feature  observed  in  the  southern  part  of  section 
b,  it  may  be  conclusively  inferred  that  older  formations  underlie  those 
that  are  exposed  ;  that  the  Carboniferous  and  Silurian  are  not  wanting, 
although  they  do  not  outcrop  at  even  a  single  point  throughout  the 
entire  Front  range  of  section  a,  Wherever  the  rise  of  the  granite  has 
progressed  sufficiently,  the  older  formations  can  be  and  are  found, 
lieversing  the  sentence,  it  will  be  seen  that,  wherever  they  have  been 
identified,  the  mean  relative  altitude  of  the  underlying  granite  is  greater 
than  the  mean  of  other  points. 

The  two  Cretaceous  bays  were  probably  never  invaded  by  Tertiary 
waters.  When  the  increase  of  water  occurred  that  we  must  accept  for 
the  Tertiary  period  of  that  section,  they  had  already  risen  too  high  to 
be  touched  by  it. 
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CHAPTER  III. 

GEOLOGY  OP  SECTION  B,  SAN  LUIS  DIVISION. 

Section  b  covers  coDsiderably  more  groand  than  the  preceding  one. 
TLe  eastern  boundary  is  formed  by  the  easterly  limits  of  the  district  as- 
signed ;  the  northern  one,  by  the  Arkansas  River;  the  western,  by  Pon- 
cho Pass  and  the  western  borders  of  San  Luis  Valley ;  the  southern,  by 
the  southern  limit  of  the  district.  Orographically,  this  section  is  sepa- 
rable into  four  natural  divisions:  1.  The  heavy  massive  granite  mount- 
ains, with  the  Wet  Mountains  to  the  east;  2.  Wet  Mountain  Valley, 
at  the  western  border  of  them  ;  3.  The  Sangre  de  Ohristo  range,  divid- 
ing it  from ;  4.  San  Luis  Valley.  The  character  of  the  southern  con- 
tinuation ot  the  Front  range  presents  but  little  variation  from  that  given 
in  the  preceding  section.  Some  differences  are  occasioned  by  the  thick- 
ening of  the  Mesozoic  beds  farther  south,  and  the  range  is  devoid  of 
those  characteristic  little  groups  exhibited  farther  north  in  the  Garden 
of  the  Gods.  Asarule,  thebluff'srisingeastofthetermination  ofthegran- 
itic  range  are  higher  and  more  bulky;  their  appearance  remaining  very 
similar  to  those  farther  north,  however.  Although  never  rising  to  any  very 
considerable  altitude,  the  granitic  mountains  of  the  Front  range  present 
a  heavy  aspect ;  deep,  and  frequently  quite  rough,  caiious  intersect  the 
country. 

Toward  the  western  and  southwestern  portions  of  this  bulky  range,  a 
long  narrow  strip  of  trachyte  occurs,  varying  somewhat  the  character; 
single  high  peaks  appear,  accompanied  by  the  well-known  high  narrow 
plateaus.  Little  parks  are  dispersed  throughout  these  mountains.  Wet 
Mountain  Valley  might  be  called  one  of  the  larger  parks,  extending 
along  the  east  base  of  the  Sangre  de  Ghristo  range.  This  range  rises 
abruptly  from  the  valley  to  an  altitude  of  12,000  to  14,000  feet  absolute 
height,  giving  it  a  relative  one  of  3,000  to  5,000  feet.  Following  in  its 
course  an  almost  stniight  line  for  forty  miles,  it  presents  altogether  a 
very  imposing  sight.  The  average  width  of  the  Sangre  de  Ghristo  range 
is  not  much  over  ten  to  twelve  miles,  which,  compared  with  its  length 
and  relative  altitude,  is  small ;  and  as  the  color  of  the  rocks  composing 
the  mountains  is  dark,  the  range  appears  to  very  good  advantage. 

A  naked  and  sharp  appearance  is  presented  by  the  peaks  of  this 
mountain-range.  Extending  beyond  the  timber-line,  their  highest 
slopes  are  composed  of  loose  rocks,  usually  with  steep  descent  into  one 
of  the  canons  formed  at  the  side  of  the  highest  points. 

San  Luis  Valley  slopes  off  gradually  west  from  the  Sangre  de  Ghristo 
until  its  lowest  point  is  reached  almost  in  the  middle;  then  it  rises  again 
just  as  gradually  to  the  westward. 

Granite,  as  in  section  a,  forms  the  chief  bulk  of  the  mountains  in  sec- 
tion b.  It  occurs  mainly  in  an  immense  wedge-shaped  mass,  beginning 
at  the  Arkansas  Kiver  and  extending  onward  to  the  southeast  until  at 
last  it  pinches  out  there.  Its  eastern  boundary  is  determined  by  the 
boundary  of  the  Front  range,  its  western  partly  by  the  base  of  the 
Sangre  de  Ghristo,  farther  south  by  the  border  of  Wet  Mountain  Valley. 
At  Poncho  Pass,  the  northwestern  limit  of  section  6,  the  granite  is  found 
extending  over  from  the  west. 

Granite  of  a  different  character  and  different  appearance  forms  the 
center  of  the  Sangre  de  Ghristo.  It  crops  out  all  along  the  crest  of  the 
range,  so  far  as  could  be  determined,  with  the  exception  of  a  single 
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place  between  stations  19  and  20,  where  the  sedimentary  rock  making 
up  the  greater  part  of  the  range  forms  a  bridge.  Almost  throughoat, 
with  the  exception  of  the  eruptive,  the  granite  preserves  a  very  uniform 
character,  very  simihir,  if  not  ideutical,  with  that  of  section  a,  a 
type  that  I  am  inclined  to  regard  as  the  oldest  of  that  portion  of  the 
Eocky  Mountains.  There  is  but  little  variation  in  the  granite  of  section 
hy  with  the  exception  of  local  accumuhitions  of  mica,  wheix^by  a  more  or 
less  stratified  appearance  is  obtained,  and  of  numerous  dikes — ^i)artly 
schistose,  with  mica,  pjirtly  hornbleudic — that  have  some  influence  upon 
the  character  of  the  surrounding  rock.  In  the  Sangre  de  Christo  range 
the  eruptive  granite  is  very  similar  throughout,  but  totally  distinct  and 
different  from  any  other  granite  found  in  the  section. 

Beginning  in  the  nortliwest  corner  of  section  h,  we  find  the  granite 
identical  with  that  north  of  the  Arkansas,  gradually  changing,  however, 
in  texture  toward  the  south,  where  it  becomes  a  little  finer  in  grain,  has^ 
perhaps,  more  mica,  and  therefore  alters  its  structure  somewhat.  Where 
Ilardscrabble  Creek  flows  out  into  the  more  0[>en  country  immediately 
cast  of  the  granite,  the  latter  assumes  nearly  the  character  of  gneiss, 
becoming  more  lamellar,  and  showing  a  decided  tendency  to  stratifica- 
tion. The  color  of  the  feldspar,  too,  usually  is  a  little  lighter  than  far- 
ther north,  and  the  mica  black.  In  its  mam  outlines,  however — in  the 
weathering  and  formation  of  canons — there  is  but  little  difference.  On 
station  13,  near  Oak  Creek,  a  very  curious  phenomenon  was  noticed. 
Naked  rocks  compose  the  crest  of  a  narrow  ridge  running  approximately 
east  and  west,  upon  which  the  station  was  located.  On  the  north  side 
the  rock  was  perfectly  planed,  about  100  feet  in  length  and  50  feet  high. 
This  planed  surface  was  striated  horizontally  with  stria)  varying  from 
1  to  4  inches  in  width.  Toward  the  west  they  bend  off  from  the  hori- 
zontal direction,  falling  downward.  A  good  idea  of  it  can  be  obtained 
Irom  the  illustration.  At  first  a  vision  of  glacial  action  presented  itself; 
but  upon  examination  it  was  found  that  the  large  slab  reclining  against 
the  base  of  this  rock  was  striated  on  its  under  surface  in  precisely  the 
same  way.  It  is  evident,  therefore,  that  this  striation  must  have  been 
produced  by  a  friction  of  these  two  portions  of  rock  upon  each  other, 
and  that  the  motion  must  have  been  first  a  horizontal,  then  a  declining 
one.  As  to  the  cause  producing  this  phenomenon,  I  am  unable  to  give 
any  positive  statement.  I  merely  wish  to  remark  that  glacial  action 
must  be  out  of  the  question  entirely,  being  precluded  by  the  orographi- 
cal  character  of  the  surrounding  country'. 

Toward  the  northwest  of  the  great  wedge-shaped  mass  of  granite,  it 
becomes  very  coarse-grained,  is  of  dark  color,  and  frequently  shows 
apparent  stratification.  Daving  observed  the  structure  of  granitic 
masses  throughout  the  country  surveyed  during  the  last  season,  I  have 
thought  to  observe  that  wherever  the  feldspar  is  very  predominant  in  the 
granite,  particularly  as  regards  its  occurring  in  continuous  pieces,  the 
granite  presents  a  more  or  less  stratified  appearance,  owing  to  the  influ- 
ence of  the  planes  of  cleavage.  Ui)0u  weathering,  this  becomes  more 
apparent  still. 

An  entire  change  is  noticed,  however,  in  the  character  of  the  gi^anite 
as  soon  as  the  Sangre  de  Christo  range  is  reached.  Almost  throughout 
the  entire  length  of  this  range,  the  core  of  it,  the  tops  of  the  higher 
peaks  are  formed  by  this  new  variety.  It  occurs  as  a  central  mass  of  the 
range,  anatomically  speaking  as  its  backbone,  and  is  only  bridged  over 
at  one  single  point  as  far  as  could  be  determined.  On  either  side  of  it 
lay  the  heavy  strata  of  Arkansas  sandstone,  dipping  off  from  the  gran- 
ite at  steep  angles.    At  first  sight  this  rock  might  be  mistaken  for 
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Byenite,  as  it  resembles  it  quite  closely  in  its  lithological character.  The 
color  is  gray,  the  texture  fine  to  niicldle-grained,  and  very  uniform.  The 
feldspar  is'  light  gray,  white,  yellowish,  and  small  crystals  of  white 
oligoclase  are  dispersed  throughout  the  mass.  Quartz  is  colorless  to 
white,  the  mica  black,  sometimes  in  crystals.  The  position  that  this 
granite  occupies  with  reference  to  the  superincumbent  sedimentary 
strata,  renders  it  of  the  highest  interest.  In  the  reaume  of  section  ft, 
this  will  be  spoken  of  at  more  length.  Over  to  the  northwest,  toward 
station  1,  the  granite  assumes  a  slightly  gneissic  character,  owing  to  a 
considerable  quantity  of  mica  contained  therein. 

Gneiss  occurs  at  one  point  in  section  h^  but  has  changed  its  character 
to  a  considerable  degree.  Hunt's  Peak,  at  the  northwest  end  of  the 
Sangre  de  Christo  range,  is  composed  of  gneiss,  and  from  there  it  ex- 
tends  for  about  six  or  seven  miles  to  the  northwest.  A  thorough  meta- 
morphosis has  taken  place,  and  the  micaceous  parts  have  agglomerated 
in  such  a  manner  as  to  appear  like  concretions,  and  are  contained 
between  the  planes  of  feldspar.  In  weathering,  the  quartz,  feldspar,  and 
smaller  mica  particles  fall  off,  leaviug  these  button-shaped  nodules  pro- 
trudiug  on  the  faces  of  the  rocks,  thus  presenting  a  very  i)eculiar  ap- 
pearance. Besides  the  white  micaceous  i>ortions,  black  mica  is  dissemi- 
nated throughout  the  rock.  The  quartz  is  white,  in  small  particles,  the 
feldspar  in  very  small  quantities,  besides  the  large  buttons,  mica,  both 
black  and  white  predominating  throughout.  Although  having  stratified 
structure,  the  rocks,  thanks  to  metamorphosis,  weather  more  like  gran- 
ite. 

Hornblende-rock  may  be  the  general  name  for  a  group  comprising  sev- 
eral distinct  species  of  rocks.  It  has  been  a  question  how  the  horn- 
blendes of  the  Eocky  Mountains  are  to  be  considered,  because  minera- 
logical  differences  frequently  cannot  be  found  between  specimens  from 
narrow  local  dikes  and  specimens  of  a  rock  that  builds  up  mountains. 
All  that  are  found  in  section  b  are  merely  crystalline  aggregates,  with- 
out any  distinct  paste,  therefore  must  be  excluded  from  the  category  of 
volcanic  eruptive  rocks.  In  the  eastern  portion  of  the  section,  horn- 
blendic  material  occurs  only  in  the  form  of  dikes,  and  will  be  treated  of 
under  that  head ;  but  at  station  15,  toward  the  west,  we  find  these  rocks 
in  more  considerable  masses ;  several  hills  of  500  or  600  feet  relative  ele- 
vation are  composed  of  it.  The  structure  is  that  of  a  stratified  rock,  not 
infrequently  intor-stratified  with  bands  of  granite,  mostly  having  a  gen- 
tle di[),  in  this  instance  to  the  eastward.  It  is  composed  of  small  crys- 
talline particles  of  hornblende  and  oligoclase,  joined  together  rather 
loosely,  without  the  slightest  intimation  of  a  mcigma.  Small  rounded 
nodules  of  a  green  mineral  that  seems  to  be  pargasite  are  dispersed 
throughout  it.  Although,  mineralogically,  there  would  be  no  objection 
to  calling  this  rock  diorite,  lithological  features  do  not  correspond.  This 
point  is  perfectly  isolated,  located  near  the  beginning  of  a  long,  narrow 
patch  of  trachorheite  ,  at  first  suggesting  its  being  propylite.  On  the 
western  slope  of  the  Sangre  de  Christo  range  more  horubleudic  rocks 
are  found.  Immediately  west  of  station  16  they  begin,  forming  a  nar- 
row belt  near  the  base  of  the  mountains,  and  there  they  are  dioritic. 
Hard  and  tough,  they  resist  alike  the  infiuence  of  atmospheric  condi- 
tions and  the  geologist's  hammer,  while  the  scaly  plate  like  fragmeutis 
produce  an  uncomfortable  ascent.  Farther  north  in  the  range,  near 
Hunt's  Peak,  another  mass  of  these  rocks  occurs,  forming  some  of  the 
high  peaks  of  that  neighborhood.  Again  they  differ  in  character,  how- 
ever, and  inste<ad  of  a  diorite  we  have  hornblende-schist.  Thin  nar- 
row crystals  of  hornblende,  in  immense  quantities,  are  mixed  with  a 
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small  qaantity  of  quartz  and  still  less  mica.  The  color  is  a  dark  brown 
to  black.  At  a  few  poiuts  the  mica  predomiuates,  changing  it  into 
mica-schist.  From  those  high  localities  the  hornblendes  come  down 
northward  into  the  foot  hills,  until  near  station  4  they  disappear  again. 
In  si>eaking  of  section  c  we  will  have  occasion  to  dwell  ux)od  these  rocks 
at  more  length. 

With  this  the  Antizoic  rocks  of  section  h  are  exiiausted,  and  we  go  on 
further  to  the  sedimentary.  Tlie  Silurian  is  again  found,  although  in 
small  quantities.  It  skirts  the  foot-hills  bordering  upon  the  Arkansas 
valley  in  section  c,  and  a  small  continuation  of  this  belt  has  reached  sec- 
tion h.  Southeast  of  station  4  a  narrow  strip  of  but  a  few  miles  in 
length  appears,  dipping  off  toward  the  north.  Of  the  Carboniferous^ 
however,  section  b  contains  more  than  the  two  others.  That  mass  of 
Arkansas  sandstone  described  in  section  a  changes  its  course  slightly 
to  the  southeast  when  crossing  the  Arkansas,  and  forms  the  main  bulk 
of  the  Sangre  de  Christo  range,  where  the  tiiickness  of  its  strata  is 
remarkable.  The  lower  limei^one  that  we  have  farther  north  also  ap- 
jiears  immediately  south  of  the  Arkansas,  near  the  junction  of  the  South 
Arkansas,  and  accompanies  it  for  the  distance  of  about  fifteen  miles, 
uniformly  dipping  off  from  the  mountains  toward  the  river.  As  no  fos- 
sils at  all  were  found  in  its  strata,  it  was  simply  determined  b}^  its  rela- 
tive position  to  the  Arkansas  sandstone  and  it«  petrographic  features. 
Another  little  patch  of  it  api)ears  about  five  miles  northeast  of  station 
16,  where  the  dip  of  the  strata  is  inverted.  Opposite  station  5,  the  Ar- 
kansas sandstone  forms  the  bed  of  the  river  for  several  miles,  and 
crosses  over  on  the  south  side.  A  flow  of  trachy  tic  lava,  coming  from 
the  north,  reached  this  point  south  of  the  river  after  the  sandstones  had 
already  been  disturbed,  and  showed  a  considerable  dip  to  the  northeast. 
By  means  partly  of  atmospheric,  but  mainly  in  consequence  of  the  irri- 
gation, this  ridge  of  sandstone  was  cut  into  several  small  hills,  five  or 
six  of  them,  each  one  provided  with  a  trachytic  cap,  growing  thinner 
in  proceeding  eastward.  Two  cuts  annexed  will  serve  to  illus- 
trate this  point.  At  the  northern  end  of  the  Sangre  do  Christo 
range,  the  sandstone  again  appears,  and  spreads  as  it  continues  on 
southward.  At  first,  north  of  Hunt's  Peak,  its  dip  is  nearly  north, 
but  soon,  upon  going  south,  turns  to  the  northeast.  From  the 
apex  of  the  range  downward,  the  angle  of  the  dip  diminishes;  but 
quite  a  number  of  local  slides  and  disturbances  create  exceptions  to 
this  rule.  All  along  the  range,  with  the  exception  of  one  point,  at  sta- 
tion 20,  the  granite  comes  up  through  and  separates  the  sandstone ; 
but  at  this  place  a  bridge  of  very  considerable  thickness,  probably 
about  800  to  1,000  feet,  is  formed  by  the  sandstone,  extending  horizon- 
tally about  two  miles.  Here  the  sandstone  forms  an  arch,  that  is  exposed 
upon  almost  its  entire  section,  with  the  granitic  bowlders,  in  the  deep 
caQon  immediately  aside  and  in  front  of  it.  As  these  bowlders  cannot 
have  been  brought  there  from  any  point  outside,  it  may  be  concluded 
that  they  are  there  either  in  position,  or  very  nearly  so.  The  strata 
overlying  this  arch  form  stet»i)  smooth  peaks  of  very  considerable  alti- 
tude. Upon  the  edge  of  one  of  these  station  20  was  located ;  on  another 
one  was  station  11).  A  section  drawn  through  the  arch  will  give  an  idea 
of  the  relative  position  of  the  strata.  In  the  center  the  eruptive  granite 
{a)  shows,  while  the  strata  directly  above  it  are  obscui^ed  by  debris. 
Farther  up  we  reivch  the  bridge,  dii)ping  off  on  either  side,  (b^)  with  the 
strata  lying  across  unbroken.  Heavy  beds  of  red  sandstone  dip  off  on 
either  side,  with  steeper  precipices  and  slopes  on  the  western  than  on 
the  eastern  side.    Interstratified  with  the  sandstones  are  beds  of  dark- 
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brown  argillaceons  shales  and  isolated  strata  of  limestones,  (e,)  with 
fossils.  Near  station  19  one  of  these  was  exposed,  and  crinoids  were 
found.  The  remainder  is  made  up  again  by  Arkansas  sandstone  and  a 
few  limestones,  all  Carboniferous,  the  combined  thickness  of  which, 
with  those  underlying,  probably  exceeds  a  mile.  Although  it  was  pos- 
sible to  see  over  to  the  east  side  of  the  slope  for  some  distance,  but  little 
detail  could  be  observed,  and  the  section,  therefore,  shows  nothing  but 
the  lower  strata.  The  course  of  the  section  is  about  north  70^  east. 
Proceeding  farther  northward,  to  station  20,  it  was  found  (Plate  XIII, 
section  B)  that  the  granite  (a)  had  again  appeared,  and  forms  the  highest 
peaks  at  that  locality.  As  far  as  could  be  determined,  the  Arkansas  sand- 
stone {b)  rests  upon  the  granite  for  about  2,000  feet,  although  I  have  but 
little  doubt  that  it  is  underlaid  by  still  older  formations  even  at  that  point, 
but  the  amount  of  debris  that  is  deposited  at  the  base  of  the  mountains 
obscures  the  line  of  junction.  In  ascending  the  west  slope  to  reach  station 
20,  the  boundary -line  between  the  granite  and  sandstone  was  found  to  be 
well  defined,  the  latter  ending  with  a  little  swell  in  the  outline  of  the 
mountain.  At  that  point  its  dip  is  almost  vertical,  but  soon  diminishes; 
a  section  may  serve  to  illustrate  the  conditions  observed.  A  heavy 
bed  of  dark,  almost  black,  shales  (d)  overlies  the  sandstones,  and  is  in 
turn  covered  by  a  series  of  sandstone  strata,  (&.)  Toward  the  base  of 
the  mountains  some  limestone  makes  its  appearance,  slightly  disturbed, 
but  originally  conformable  with  the  sandstone.  The  eastern  slope  is 
mainly  comi)osed  of  the  latter.  In  speaking  of  this  station,  20,  it  may 
not  be  out  of  place  to  mention  a  phenomenon  which,  although  not 
strictly  appertaining  to  geology,  may  be  of  some  interest.  During  our 
trips  in  the  higher  mountains  we  had  several  times  noticed  evidences  of 
the  presence  of  comparatively  large  quantities  of  electricity,  but  on  this 
station  anything  thus  far  experienced  was  surpassed.  It  was  found 
that  as  soon  as  a  sufficient  amount  of  electricity  was  contained  in  the 
atmosphere,  any  metal  instrument  or  weapon  that  may  have  been  about 
would  produce  a  buzzing  sound,  like  the  hammer  of  an  induction-coil. 
When  the  supply  of  electricity  in  the  lower  strata  of  air  was  exhausted 
and  the  buzzing  ceased,  it  could  be  renewed  by  holding  the  instrument 
up  higher  into  the  air.  On  this  particular  instance,  a  heavy  gale  wasx 
blowing  from  the  north,  driving  a  storm  toward  us  with  great  rapidity. 
The  wind  came  in  single  putfs,  and  while  a  rifle  that  was  carried  along 
would  not  buzz  during  the  short  lull  of  the  wind,  it  would  do  so  quite 
strongly  as  soon  as  the  gust  reached  the  point  of  observation.  At  one 
time  thequantity  of  electricity  grew  so  large  and  intense,  that  I  received 
from  my  rifle  a  shock  sufficient  to  paralyze,  mo  momentarily.  The 
weapon  dropped  out  of  my  hands,  and  about  half  a  minute  after  a 
discharge  of  lightning  took  place  very  near  by,  by  which  the  electric 
phenomena  were  quieted  for  a  time.  Soon,  however,  electricity  accu- 
mulated again ;  its  manifestation  again  became  intenser,  until  every 
hair  on  the  head  was  rising  u[)ward  ;  every  finger  buzzed  when  held  up 
into  the  air,  and  every  pointed  rock  hummed  with  a  sonorous  sound. 
As  soon,  however,  as  the  next  discharge  took  place,  this  time  some  dis- 
tance off,  it  again  subsided.  From  personal  communication  it  has  been 
found  that  these  occurrences  have  been  noted  by  a  number  of  persons, 
who  perhaps  either  had  no  opportunity  of  making  them  known,  or 
deemed  them  of  too  little  importance. 

As  the  diluvial  and  alluvial  material  begins  right  at  the  ba«is  of  the 
west  slope  of  the  range,  it  could  not  be  determined  with  certainty 
whether  the  Carboniferous  strata  extend  to  the  westward  for  any  con- 
siderable distance  ]  but  about  eight  mUes  west  of  the  termination  of  the 
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sandstone  it  crops  out  again,  leaning  up  again  at  Granite,  on  the  west 
side  of  tlie  valley,  with  a  dip  to  the  east.    It  is  very  probable,  therefore, 
that  the  Carboniferous  strata  ext^end  across  that  northern  end  of  the 
San  Luis  Valley.    This  western  outcrop  is  small,  about  five  or  six  miles 
in  length,  but  very  narrow,  dipping  gently  under  the  diluvial  de^iosits. 
East  of  Mosco  Pass  the  sandstone  seems  to  extend  across  the  lower  por- 
tion of  Wet  Mountain  Valley,  as  it  was  found  a  little  west  of  stations 
83  and  84,  on  the  western  8lo))e  of  the  mountains,  and  the  aspect  of  the 
valley  at  that  place  indicates  a  crossing  of  the  sandstone.    Limestone 
accompanies  the  sandstone  at  several  places  in  a  long  patch  west  of 
station  19,  dipping  conformfibly  with  it,  with  the  exception  of  one  small 
local  fold ;  but  besides  this  occurrence  there  areseversil  beds  of  limestone, 
interstratified  with  the  sandstone,  one  of  which  aftbnled  a  few  fossils. 
On  the  western  side  of  lloinau's  Park,  where  the  sandstone  crops  out 
again,  limestone  is  also  found  with  it,  analogous  to  the  limestone  of 
section  a,  overlying  the  Arkansas  sandstone.    In  connection  with  this 
formation  I  have  to  mention  a  very  peculiar  conglomemte,  found  only 
once  at  a  high  elevation.    The  Cbristoues,  upon  the  highest  of  which 
station  17  was  located,  are  entirely  composed  of  a  conglomerate,  con- 
taining fragments  of  granite,  gneiss,  hornblende-rock,  mica-schist,  pink 
porphyry,  garnet-rock,  epidote-rock,  and  quartzite.    These  fragments  are 
not  rounded  by  action  of  water  or  atmospheric  influences,  but  have 
l>erfectly  sharp,  angular  outlines,  and  are  cemented  by  a  hard,  gray 
quartzitic  paste.    Their  size  ranges  from  half  an  inch  to  several  feet  in 
diameter.    In  weathering  they  resist  longer  than  the  matrix  does,  tbus 
studding  the  almost  perpendicular  walls  of  the  mountain  similar  to  the 
ornamentation  of  Gothic  si)ires.    A  little  south  of  station  17  a  dike  of 
pink  porphyry  has  broken  through  the  conglomerate,  and  makes  its 
appearance  near  the  top  of  a  peak.    Stratification  can  be  noticed  to 
some  extent  in  the  arrangement  of  the  conglomerate,  and  the  strata  dip 
off  very  steeply  to  either  side  from  the  crest  of  the  range.    Besides  these 
more  connected  masses  of  Carboniferous  rocks,  an  isolated  point  of  ex- 
posure was  found  near  Boggs's  ranch,  in  the  southeast  comer  of  section  &, 
where  the  rise  of  the  main  granitic  body  seems  to  have  been  sufficient 
to  bring  out  this  formation  besides  the  Mesozoic  beds.    It  is  of  but  small 
extent,  identified  by  fossils  found  in  the  grayish  limestones  and  shales. 
As  in  section  a,  the  Carboniferous  here,  too,  is  succeeded  by  the  Mesozoic 
formation. 

On  Plato  XIII,  section  c,  an  ideal  section  through  the  Saugre  de 
Christo  range  is  given,  showing  at  once  all  the  various  occurrences 
throughout  the  entire  range,  and  its  general  character.  Besting  imme- 
diately upon  the  granite  Jlre  the  Arkansas  sandstones  on  either  side,  inter- 
stratified with  limestones,  (e,)  and  shales,  ((7.)  Dikes  of  hornblende-rock, 
(/,)  with  a  strike  of  north  to  south,  traverse  the  sandstones.  Toward  both 
east  and  west  the  dip  gradually  decreases.  As  in  section  a,  the  Trias- 
sic  and  Jurassic  beds  occur  along  the  eastern  edge  of  the  granitic  Front 
range.  Directly  south  of  the  Arkansas  they  begin,  occurring  in  isolated 
I)atches  all  the  way  southward  until  Hardscrabble  Canon  is  reached. 
From  this  point  they  cover  more  ground,  until  a  short  distance  below 
Bogg's  Banch,  where  they  entii'ely  cease.  Station  78,  southeast  of 
Hardscrabble  Creek,  is  located  upon  such  a  sandstone,  of  dark-red  color, 
lithologically  identical  with  that  farther  north.  The  dip  throughout  is 
to  the  east  and  a  little  north  of  east,  steeper  at  the  base  of  the  mount- 
ains, more  gentle  nearer  to  the  plains.  South  and  southeast  of  station 
78  they  increase  considerably  in  thickness,  forming  bluffs  of  nearly  1,000 
feet  in  height.    Deep  gorges,  at  times  narrow,  sometimes  wider,  in  the  lat- 
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ter  case  forming  fertile  area8,are  cut  into  tbem.  The  shales,  of  a  dark-red 
to  a  brown  color,  seem  to  increase  considerably  in  thickness,  and  southeast 
of  8t4)tiou  79  compose  the  soil  of  a  valley  that  is  well  cultivated.  As 
stated  under  the  head  of  Carboniferous,  a  portion  of  this  latter  formation 
is  exposed  at  the  western  ascent  of  this  valley,  indicating  a  more  con- 
siderable rise  of  the  granitic  country  immediately  west  than  is  found  any- 
where along  the  old  shore-line.  White  sandstones  and  single  dolomitic 
strata  interchange  with  the  red  ones,  while  those  beds  referred  to  the 
Jurassic  formation  seem  to  decrease  in  thickness.  A  careful  study  of 
detail-stratigraphy  and  paleontological  character  of  the  formations  of 
this  region  would  probably  lead  to  very  interesting  facts  bearing  upon 
age  and  arrangement  of  these  beds  referred  to  the  Trias.  South  of 
Saint  Charles  liiver,  no  more  Mesozoic  beds  were  found,  which  can 
probably  be  accounted  for  by  the  fact  that  the  granite  in  its  horizontal 
exposure  pinches  out  at  that  point,  and,  as  far  as  could  be  seen,  does 
not  appear  again  for  considerable  distance.  From  that  point  south- 
ward, as  far  as  section  h  extends,  it  was  found  that  the  Cretaceous 
lormation  rests  immediately  upon  the  granite.  Cretaceous  No.  1 
is  very  distinctly  defined  throughout  the  southern  portion  of  this 
section,  forming  abrupt  bluifs  of  a  yellow  to  brownish  sandstone,  in 
which  a  number  of  plants  are  found.  In  the  vicinity  of  station  33  and 
northward,  its  dip  to  the  eastward  is  not  very  considerable,  and  remains 
comparatively  small  for  some  distance  north,  at  the  same  time  conform- 
able with  the  underlying  Mesozoic  strata.  At  this  southern  end  of  our 
section  the  Cretaceous  rest  immediately  upon  the  granite,  and  probably 
a  little  farther  south  the  Tertiary  beds  succeed  it  in  this  position ;  while 
north  of  the  South  Saint  Charles  liiver,  the  Cretaceous  is  considerably 
removed  from  the  gninite,  having,  at  that  point,  but  a  very  slight  dip. 
Undoubtedly  erosion  has  had  a  very  appreciable  influence  in  this,  by 
carrying  away  large  portions  of  the  readily  disintegrating  sandstone. 
Low  blufl's  characterize  the  formation  north  of  Hardscrabl^le  Creek,  dip- 
ping to  the  eastward  at  an  angle  of  frequently  15^  to  20°,  retaining  the 
same  character  down  to  the  Arkansas.  At  several  intermediate  point^i,  it 
seems  to  rest  immediately  upon  the  granite,  as  no  red  beds  were  noticed 
between,  and  as  seen  at  most  places  the  yellow  sandstone  is  succeeded  by 
a  white  one.  Both  time  and  the  character  of  the  country  forbade  our 
spending  many  days  in  the  plains  east  of  the  mountain-range,  so  that 
tlie  terminus  of  the  Cretaceous  area  could  not  be  accurately  determined 
there,  but  it  seems  to  have  only  a  limited  extent,  and  that" the  Tertiary 
beds  set  in  very  soon  and  continue.  In  the  vicinity  of  Canyon  City,  the 
Upper  Cretaceous  ibrmations  make  their  appearance,  and  the  sandstones 
are  covered  by  a  series  of  limestone  and  shale  strata,  both  containing 
fossils,  and  running  out  into  the  plains  at  a  gentle  dip.  Low  blufii's  are 
formed  here,  as  a  little  farther  north,  by  the  limestones  and  sandstones, 
while  the  softer  shales,  more  readily  yielding  to  atmospheric  influences, 
manifest  their  presence  by  forming  shallow  ravines  and  narrow  valleys. 
A  little  southwest  of  Canyon  City,  a  warm  spring  of  about  lOOo  Fahren- 
heit has  its  origin  in  the  Lower  Cretaceous  limes  and  shales ;  like  all  warm 
spiiugs,  it  is  said  to  have  a  very  beneficial  influence  upon  persons  affect- 
ed by  rheumatism,  gout,  &c.  Besides  this  continuous  stretch  of  Creta- 
ceous, section  b  includes  another  portion  connected  with  the  Cretaceous 
bay  west  of  station  11.  This  is  an  arm  of  the  bay  of  almost  oblong  shape, 
presenting  a  series  of  loug,  low  bluffs,  striking  a  little  eiist  of  north. 
As  mentioned  in  the  resumi  of  section  a,  the  dip  of  the  strata  composing 
these  bluffs  is  to  the  west,  thus  varying  from  that  of  the  remaining  Cre- 
taceous.   A  narrow  stratum  of  red  sandstone,  reclining  on  the  eastern 
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side  npou  the  granite,  is  a  local  variation  of  the.  yellow  and  light-brown 
usually  found  in  Cretaceous  No.  1.  A  section  running  east  to  west  will 
give  a  better  idea  of  the  arrangement  of  the  strata  in  this  locality. 
Besting  upon  the  granite  (a)  we  find  the  mentioned  redbrown  sand- 
stone {b)  underlying  a  white  one,  which  in  turn  again  is  covered  by  a 
brown  ;  between  the  western  slope  of  this  bluff  and  the  rise  of  another 
one,  a  white  limestone  (e)  occurs,  overlaid  by  a  white,  shaly  limestone, 
with  Inoceramus^  forming  the  apex  of  a  low  bluff,  and  dipping  westward 
at  an  angle  of  about  IQo.  It  is  covered  by  white  sandstone  and  a  light- 
greenish  shale,  (i.)  A  yellow  to  light-brown  sandstone  {k)  finishes  the 
western  extent  of  the  valley.  Cretaceous  waters  have  probably  never 
intruded  far  inland  fo  the  west  in  these  localities,  as  at  present  no  trace 
of  them  is  ibund,  unless  coming  either  from  the  north  or  the  south. 

At  this  place,  between  the  Cretaceous  and  the  succeeding  Tertiary, 
the  Lignitic  formation  may  find  its  position.  As  the  entire  district  of  the 
San  Luis  division  shows  a  good  development  of  these  Lignitic  beds  at 
but  one  point  south  of  Canyon  City,  and  the  opportunity  for  making 
detail-studies  of  the  geological  relations  of  this  group  did  not  offer,  I 
take  the  liberty  of  referring  to  Mr.  Marviue's  report  for  observations  re- 
garding its  age  and  relative  position,  and  also  to  Professor  Lesquereux's 
work.  A  section  will  show  the  position  of  the  coal-beds.  The  loot- wall 
is  formed  by  white,  middle-grained  sandstone,  upon  which  a  coal-bed, 
varying  from  3.J  to  5  feet,  rests,  which  is  separated  from  a  narrow  seam 
of  1  foot  to  10  inches  by  a  stratum  of  gray  shale,  of  10  to  14  inches  in 
thickness ;  00  feet  of  grayish-brown  argillaceous  shales,  with  small  par- 
ticles of  mica,  follow,  containing  indistinct  remains  of  plants,  terminated 
by  a  narrow  coal-seam,  above  which  45  feet  of  the  same  shale  follow,  in- 
tersected by  two  similar  thin  seams  of  coal.  Fifteen  feet  of  yellowish 
SiUidstone  rest  upon  this,  separated  from  the  overlying  23  feet  of  white 
sandstone,  which  form  the  lop  of  the  bluff,  by  a  thin  stratum  of  shale. 
The  three  upper  seams  are  not  used,  but  the  lower  ones  are  worked 
for  coal  by  the  Denver  and  Rio  Grande  Eailroad  Company.  Canyon 
City  coal-mines  is  the  usual  appellation  given  to  these  deposits.  A 
tunnel  has  been  run  in  on  the  main  vein  in  a  southerly  direction  ibr  the 
distance  of  about  1,400  feet,  and  drifts  from  this  serve  to  work  the  coal, 
of  which  both  the  4  foot  bed  and  the  1-foot  seam  are  utilized.  The  main 
bed  dips  at  an  angle  of  2°  to4o  to  the  westward,  remaining  constant  in 
this  as  far  as  worked  thus  far,  but  to  judge  from  the  stratigraphy 
exposed  on  the  surface,  this  dip  will  change  farther  west,  reversing  its 
direction.  At  the  time  of  my  visit,  September,  1873,  the  mines  had 
been  worked  for  fifteen  months,  and,  according  to  a  statement  kindly 
furnished  by  Prof.  E.  N.  Clark,  at  Labran,  Col.,  the  production  of  the 
mines  in  1872  was  4,950  tons,  to  12,909  produced  in  1873.  Mineralogi- 
cally  considered,  the  coal  would  l)e  termed  a  compact  bituminous  coal. 

From  all  that  could  be  learned  with  reference  to  the  relative  position 
of  the  larger  coal-vein  mentioned  a  )ove,  it  seems  that  those  worked 
farther  eastward  are  underlying  it.  Probably  beginning  with  the  first 
rising  sandstone  bluffs,  a  little  east  of  the  coal-mines,  we  find  the  Ter- 
tiary formation.  As  in  section  a,  our  investigations  did  not  carr^'  us 
through  the  Tertiary  portions  of  the  beginning  plains  for  a  length  of 
timo  sufllcient  to  make  careful  comparisons,  and  consequently  to  admit 
of  strict  and  correct  discrimination.  It  is  quite  likely,  however,  that 
the  higher  blufi's,  composed  of  a  yellowish  and  brownish  sandstone,  ris- 
ing up  beyond  the  light-colored  and  gray  shales,  should  be  ascribed  to 
the  Tertiary  period.  As  far  as  could  be  observed,  no  unconformability 
exists  between  them  and  the  underlying  strata,  although  it  dare  not  be 
denied  that  any  such  existing  unconformability  would  have  been  greatly 
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obliterated  by  the  slight  dip  occurring  there.  As  a  rule,  it  may  be 
uoteil  that  wherever  the  Cretaceous  rocks  are  in  close  proximity  to 
the  granite  westward,  the  Tertiary  bluffs  will  also  be  relatively  close, 
and  in  the  reverse  csise  their  position  will  be  regulated  by  that  of  the 
Cretaceous.  At  the  southeastern  end  of  section  b  it  comes  up  very 
close  to  the  granite,  and  probably  at  some  points  farther  south  rests 
immediately  upon  it.  Near  Dobson's  Hanch  several  bluffs  yielded  fos- 
sils that  indicated  their  Tertiary  age,  belonging  probably  to  the  late 
Eocene  period.  From  there  eastward,  the  bluffs  c^ase  to  be  numer- 
ous as  soon  as  some  distance  from  the  mountains  is  reached,  and  the 
gentle  slopes  stretch  over  the  plains.  As  well  as  the  Cretaceous,  no 
Tertiary  flood  seems  ever  to  have  reached  far  into  the  interior  of  section 
6,  but  to  have  remained  east  of  it  throughout ;  south  of  it,  however, 
coming  in  more  closely  upon  the  higher  lands.  Besides  archa^an  and 
sedimentary,  section  b  contains  a  limited  quantity  of  volcanic  rocks. 

Trachorheites. — Opposite  station  4,  to  the  north,  a  portion  of  the 
trachytic  material  has  crossed  the  Arkansas,  extending  into  section  b. 
Mostly  it  is  trachyte  and  tuft'  of  a  light-gray  to  yellowish  or  brownish 
color,  flowing  to  the  south  and  southeast.  As  stated,  when  speaking  of 
the  Arkansas  sandstone,  a  number  of  bluffs  composed  of  it  are  capped 
by  the  tuft',  appearing  on  the  maps  as  islands.  To  the  west  of  station 
4  several  small  isolated  hills  are  composed  of  trachyte,  that  probably 
at  one  time  were  in  connection  with  the  main  mass  north  of  the  river. 
On  Texas  Creek,  about  a  mile  west  of  station  8,  volcanic  activity  was 
manifested  by  trachytic  rocks  on  a  small  scale,  and  thereby  a  number 
of  small  hills  have  been  formed,  flanked  by  ashy  material.  Granite 
surrounds  this  little  patch  of  trachyte  on  every  side,  which  may  be 
regarded  as  the  sentinel  of  a  larger,  horizontally,  quite  extended  eniption 
and  flow  of  trachorheites.  From  station  15  onward,  in  southeasterly 
direction,  we  find  a  strip  of  these  rocks  about  thirty-five  miles  in  length, 
and  on  average  from  two  to  four  miles  in  width,  bordered  on  either  side 
by  granite.  Station  83  is  located  at  the  southeastern  extremity  of  sec- 
tion b^  on  Mount  Greenhorn,  having  an  elevation  of  12,341  feet,  which 
is  composed  of  a  compact  andesite.  Although  of  comparatively  rare 
occurrence,  this  mountain  seems  to  present  one  of  the  volcanic  ande- 
sitic  eruptions.  The  rock  weathers  in  slabs  from  one-half  an  inch  to 
more  than  a  foot  in  thickness,  the  thinner  ones  of  which  give  a  sub- 
metallic  sound  when  struck.  A  more  massive  eruption  of  the  same  ma- 
terial continues  to  the  northwest,  beyond  station  84.  Proceeding  in  the 
same  direction,  the  character  of  the  eruptive  rocks  is  found  to  become 
more  trachytic,  and,  toward  the  lower  hills  bordering  the  range,  decid- 
edly rhyolitic.  Usually  the  color  of  the  rock  is  a  light-gray,  with  a 
pinkish  tinge,  representing  the  type  in  which  the  Kosita  mines  are 
located,  becoming  almost  white  and  very  compact  to  the  north.  In 
accordance  with  the  general  character  of  rhyolite,  the  foot-hills  show 
gentle  outlines,  are  of  rounded  form,  gradually  sloping  oft*  toward  the 
valley,  and  are  accomi)anied  in  the  higher  lands  by  the  well-known 
grassy  or  swampy  plateaus.  West  of  station  15  the  lithological  char- 
acter of  these  rhyolites  changes  somewhat,  as  they  become  very  com- 
pact, show  scarcely  any  crystallization  of  minerals  contained  in  the 
paste,  and  present  a  more  or  less  stratified  appearance.  White  ash  sets 
in,  loose  in  texture,  and  of  a  feldspathic  composition.  Besides  the 
trachorheites,  we  have  basalt  in  section  b.  A  little  southwest  of  the 
warm  spring,  near  Canyon  City,  two  small  hills  occur,  composed  of  a 
black  basalt,  weathering  in  rough  outlines.  To  the  south  of  these,  at 
station  12,  at  an  elevation  of  7,026  feet,  a  cone  of  basalt  is  found,  which 
is  very  hard,  of  black  color,  and  contains  numerous  inclosures  of  olivine. 
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Another  small  mass  of  basalt  occurs  in  the  Sangre  de  Oliristo  range, 
among  tbe  foothills,  east  of  station  IG,  where  several  small  bills  of  it 
were  ejected,  somewhat  disturbing  the  superincumbent  sandstones. 
Looking  oft'  to  the  east  and  southeast  from  station  84,  a  number  of  cones 
were  noticed  among  the  Tertiary  formation,  that  are  probably  basalt, 
but  no  examination  of  the  locality  could  be  made.  Altogether,  this 
occurrence  of  basalt  is  very  limited,  compared  with  that  of  other  dis- 
tricts ;  but  it  seems  probable  that  the  presence  of  such  large  quantities 
of  trachorheites  might  account  for  it. 

Dikes  occur  in  large  number  and  considerable  extent  in  section  b. 
By  far  the  most  numerous  are  the  hornblende-dikes,  with  a  usual  strike 
of  north  to  south  and  almost  vertical  dip.  While  they  are  not  quite  so 
frequently  met  with  in  the  northern  portion  of  the  granitic  mass,  they 
abound  in  the  southern,  sometimes  traceable  for  several  miles,  but 
almost  invariably  of  limited  lateral  extent.  Ordinarily  they  carry  a 
considerable  amount  of  quartz  and  hornblende,  mostly  mica,  and  in 
some  instances  feldspar,  garnets,  and  epidote ;  the  two  latter  either  as 
crystals  or  massive.  Their  texture  is  frequently  that  of  gneiss,  owing 
to  the  hornblende,  to  tbe  mica,  or  both,  whereby  they  are  distinctly  offset 
from  the  surrounding  granite.  When  variations  of  texture  take  place, 
these  rocks  resemble  a  schist  more  closely,  and  may  give  rise  to  misinter- 
pretations. In  the  Sangre  de  Christo  range  we  find  a  large  number  of 
such  dikes,  with  the  usual  strike  passing  through  the  sandstones,  and 
farther  north  through  the  granite  that  is  exposed  at  the  base  of  the 
range,  but  never,  as  far  as  I  have  observed,  through  the  eruptive 
granite.  Differing  from  the  eastern  ones,  these  retain  their  niineralogi- 
cal  and  lithological  character  more  uniformly  throughout,  and  resemble 
diorite.  In  some  instances,  when  the  quantity  of  mica  accumulates  to 
a  considerable  extent,  the  texture  becomes  more  like  that  of  a  schist,  the 
structure  more  stratified,  and  the  hornblende  not  rarely  is  segregated  in 
single  prismatic  crystals  of  about  an  inch  in  length.  It  is  possible  that 
the  hornblende-schists,  occurring  at  the  northern  end  of  the  range  in 
question,  should  be  regarded  merely  as  immense  dikes  of  this  character, 
as  in  their  mineralogic^il  composition  there  is  no  essential  difibrence. 
The  presence  of  feldspar  in  the  dikes  of  the  range,  compared  with  the 
scarcity  in  the  eastern  ones,  is  a  point  worthy  of  notice,  and  it  does  not 
occur  in  the  same  manner  again  to  that  extent  in  any  of  the  dikes 
throu^-jhout  the  district.  What  the  geological  relations  of  these  dikes 
are  seem  a  little  obscure,  but  they  may  perhaps  justly  be  regarded 
as  segregations  in  the  greater  number  of  instances. 

Section  b  includes  a  large  drift-area.  Along  the  south  side  of  the 
Arkansas,  a  narrow  strip  of  drift-deposit  occurs,  the  deposition  of  which 
was  facilitated  by  a  widening  of  the  canon.  W^et  Mountain  Valley  is 
covered  entirely  by  drift,  originating  from  the  mountains  on  either  side 
of  it.  Drainage  has  cut  a  number  of  steep  gorges  into  the  loose  mate- 
rial, of  no  very  considerable  depth,  however.  The  grandest  mass  of 
drift-material,  or,  jjerhaps  more  correctly  speaking  of  fluvial  deposit,  is 
ibund  in  San  Luis  Valley.  Over  thirty  miles  long,  to  the  southern  limit 
of  section  b,  and  at  that  point  nearly  thirty-five  miles  across,  stretches 
an  uninterrupted  plain,  the  soil  of  which  is  made  up  entirely  of  drifted 
material.  On  the  western  side  of  the  valley,  the  bluffs  of  gravel  rise  to 
probably  more  than  100  feet  above  the  ordinary  level;  but  eastward 
nothiug  of  the  kind  is  observed.  Toward  the  center  of  the  valley  its 
greatest  depression  occurs,  and  there  San  Luis  Creek  flows  southward, 
emptying  into  the  small  San  Luis  Lakes.  A  large  portion  of  the 
ground  is  swampy  and  impassable.*  At  the  eastern  border  of  the  valley 
the  gravel  bluffs  are  not  so  prominent  as  on  the  western,  but  a  very 
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curious  and  interesting  formation  of  dunes  takes  place.  At  the  west 
opening  of  Mosco  Pass  a  considerable  area  of  ground  is  covered  by 
bluflFs,  500  to  600  feet  in  height,  composed  of  very  fine  ligh^yellow  sand. 
In  form  these  dunes  do  not  vary  from  the  celebrated  ones  on  the  Baltic 
Sea,  and  like  those  shift  onward  to  the  higher  land.  This  phenomenon 
is  a  very  good  illustration  of  the  fiict  that  westerly  winds  prevail  to  a 
considerable  extent,  because  none  are  found  on  the  western  side  of  the 
valley,  and  these  have  selected  the  very  locality  where  wind  would  have 
the  fullest  sweep  through  a  low  pass  of  a  high  mountain-range.  The  area 
covered  by  the  sand-dunes  is  about  twelve  square  miles,  but  the  fine  sandy 
soil  extends  for  some  miles  northward.  A  fact  that  finds  its  explanation 
in  the  nature  of  the  soil  may  be  mentioned  here.  More  than  twenty 
creeks,  heading  in  the  Sangre  de  Christo  range,  flow  down  westward 
into  the  valley,  but  have,  however,  a  short  existence,  as  they  are  absorbed 
by  their  porous  beds  before  running  any  considerable  distance.  Some 
of  them  run  farther  in  the  morning  than  in  the  evening,  so  that,  camp- 
ing on  a  quite  large  creek  with  a  plentiful  supply  of  water  in  the  morn- 
ing, by  evening  it  may  be  necessary  to  walk  half  a  mile  before  finding 
water.  The  melting  of  snow  in  the  neighboring  mountains  and  the 
rain-fall  that  seems  to  be  quite  frequent  during  the  day-time  in  that 
region  account  for  the  change. 

Ore-deposits. — There  are  several  in  section  b.  A  short  distance  up 
Grape  Creek  Canon  a  deposit  of  magnetic  iron-ore  occurs,  which  is  being 
worked  at  present. '  On  the  western  slope  of  the  Sangre  de  Christo 
range,  not  very  far  from  station  19,  a  large  mass  of  hematite  was  ob- 
served, which  is  not  yet  worked.  In  the  higher  mountains  of  that  range 
quite  frequent  indications  of  silver-bearing  lodes  were  noticed,  although 
none  was  found.  A  number  of  mines  were  started  in  1872  in  the  Hard- 
scrabble  mining-district,  located  in  the  rhyolitic  mountains,  about  three 
or  four  miles  east  of  Wet  Mountain  Valley,  near  the  head  of  Uardscrabble 
Creek,  the  settlement  being  called  llosita.  At  the  time  of  my  visit 
there,  September,  1873,  several  mines  had  been  opened,  and  smelting- 
works  were  in  course  of  erection*;  but  I  have  been  informed  since  that 
the  exjiectations  of  the  efficacy  and  cheapness  of  the  smeltingprocess 
were  not  fully  realized,  and  discouragement  took  place.  All  the  lodes 
are  found  in  a  rhyolitic  rock,  forming  a  system  of  regularly-striking 
parallel  veins,  with  a  course  of  about  south  25°  west,  i.e.,  at  right  angles 
with  the  strike  of  that  long,  narrow  strip  of  trachorheites  running  from 
station  15  to  station  83. 

The  Senator  lode  has  the  above- given  strike j  is  7  feet  wide  at  the 
surface  and  12  feet  at  the  bottom  of  the  shaft,  which  has  reached  a  depth 
of  40  leet ;  dip  to  the  northwest  about  120^.  The  vein  can  be  readily 
traced  on  the  surface  by  the  quartz-ledge  appearing  there.  The  names 
of  some  of  the  other  mines  opened  on  average  about  to  the  depths  of  20 
feet  are:  Virginia  ledge,  of  about  10  feet  in  width;  Gem  mine,  parallel 
to  the  Senator,  6  to  5  feet  wide,  mostly  furnishing  galena  ore ;  the  Key- 
stone, 4  feet  wide ;  the  Steven  &  Leviathan,  with  a  width  of  15  feet ;  the 
Del  ^'orte,  4  feet  wide,  and  several  others.  A  number  of  quite  small  veins 
run  parallel  with  or  connect  some  of  those  mentioned  above,  thus  form- 
ing a  sort  of  ne^wo^k.  The  fact  of  their  existing  in  this  rhyolite  asso- 
ciates them  with  considerable  interest;  but  although  I  had  expected  to 
find  in  them  some  rare  minerals  that  frequently  associate  in  similar 
places,  I  was  disappointed.  As  the  rhyolite  there  is  of  comparatively 
small  thickness,  probably  not  much  over  1,000  feet,  it  seems  probable 
to  me  that  the  fissures  extend  through  it,  and  probabl3'  continue  down 
into  the  granite  below.  Only  a  few  minerals  were  fbnnd  in  thei^  mines, 
all  of  whicby  howevery  seemed  to  contain  more  or  less  silver :  quartz, 
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feldspar,  galenite,  sphalerite,  cemssite,  argentite,  stephanite,  inalacbite, 
and  azarite ;  the  latter  two  the  result  of  decomposition  of  fahlerz.  The 
elevation  of  Bosita  is  8,827  feet. 

Descending  Hardscrabble  Creek,  several  mines  were  found  located 
near  the  upper  end  of  Hardscrabble  Canon.  In  speaking  of  the  granite 
of  that  region,  it  was  stated  that  a  number  of  variations  took  place, 
caused  by  local  accumulation  of  one  or  the  other  mineral  constituent. 
Parallel  to  these  accumulations,  sometimes  of  hornblende,  appearing  in 
the  form  of  dikes,  more  frequently  of  mica,  eulphuret-ores  have  segre- 
gated, and  are  being  worked  to  some  extent.  The  strike  of  the  lodes  is 
parallel  to  that  of  the  gneissoid  strata ;  the  dip  also  conformable.  The 
Silver  Hills  mines  are  of  that  character,  furnishing  quite  a  considerable 
qucintity  of  fine-grained  galena,  with  argentite  and  cerussite.  Another 
of  similar  character,  but  less  ore,  is  the  Barton  mine.  Of  these  mines 
but  little  can  be  said,  as  they  are  not  deep  enough  yet  (85  feet)  to  war- 
rant any  definite  assertion,  but  it  seems  probable  that  they  will  not  hold 
out  very  long. 

Rhume  of  section  b. — We  find  along  the  eastern  line  of  the  Front 
range  the  same  phenomenon  of  a  gradual  rise  that  characterizes  the  cor- 
responding portion  of  the  preceding  section,  only  having  gone  on  to  a 
greater  extent  in  the  southern  part.  Here  we  have,  analogous  to  the 
occurrence  near  Pike's  Peak,  thCvCarboniferous  strata,  although  at  one 
locality  only  appearing  upon  the  surface,  indicating  a  greater  activity 
of  the  rising,  or  a  more  thorough  erosion.  It  is  of  importance  to  know 
that  these  older  formations  underlie  the  beds  referred  to  the  Mesozoic 
period.  One  of  the  most  interesting  aud  instnictive  portions  of  the  sec- 
tion is  the  Sangre  de  Christo  range.  A  series  of  sandstone-strata  of 
more  than  a  mile  in  thickness  have  been  lifted  up  in  one  continuous, 
almost  straight,  line  of  forty  miles  in  length ;  and  while  the  strain  has 
been  too  great  for  most  of  the  strata,  while  they  have  broken,  and 
allowed  the  granite  to  be  forced  out  to  higher  relative  altitude  than 
they  reach,  at  a  single  point  this  strain  has  been  resisted  and  the  sand- 
stone-arch remains  entire.  Comparatite  regularity  in  the  arrangement 
of  strata  in  their  tilted  position  shows  that  but  few,  if  any,  disturbances 
took  place  in,  or  had  any  effect  upon,  the  immediate  vicinity  of  the 
Arkansas  sandstone.  It  seems  probable  that  this  latter  extends  across 
the  San  Luis  Valley,  perhaps  over  its  entire  width,  perhaps  only  partly. 
As  trachorheites  reach  over  eastward  to  the  very  base  of  the  gravel- 
blufls,  and  neither  granite  nor  any  sedimentary' beds  make  their  appear- 
ance to  form  a  transition,  it  is  quite  possible  that  the  sandstone  may 
extend  a  short  distance  up  into  the  higher  lands.  Its  stretch  across  the 
southern  part  of  Wet  Mountain  Valley  seems  to  me  pretty  certain, 
although  it  could  not  be  determined  definitely  from  a  distance.  The 
trachyte  has  taken  in  section  b  a  course  almost  parallel  with  that  of 
the  granite  forming  the  heart  of  the  Sangre  de  Christo  range,  and 
instead  of  appearing,  as  in  section  a,  as  the  result  of  massive  eruptions, 
it  seems  in  this  instance  to  have  been  volcanic,  accompanied  by  flows 
of  considerable  extent.  Besides  this  difference,  there  is  little  resemblance 
in  the  general  character  of  these  trachorheites  to  those  of  the  northern 
section ;  they  are,  as  a  rule,  more  compact,  with  less  tendency  to  segre- 
gate crystallized  minerals.  San  Luis  Valley,  that  probably  in  late 
geological  times  contained  a  lake  of  very  considerable  extent,  seems  to 
o««  its  formation  to  the  gentle  slope  of  the  underlying  sandstone. 
Sangre  de  Christo  seems  to  have  contributed  a  large  amount  of  the  drift- 
material  of  which  the  bottom  of  this  valley  is  made,  also  the  country  to 
the  northwest  of  Poncho  Pass. 
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CHAPTER    IV. 

GEOLOGY  OF  SECTION  C,  SAN  LUIS  DIVISION. 

Sectiou  c  is  bordered  on  the  east  by  the  Arkansas  Eiver,  Poncho  Pass, 
and  San  Luis  Valley,  while  the  southern,  western,  and  northern  limits 
are  the  same  lines  that  inclose  the  entire  district.  Altogether  the  conn- 
try  of  this  section  presents  a  mountainous  aspect,  containiu|i^,  with  a 
high  average  elevation,  a  number  of  our  highest  peaks,  and  those  por- 
tions of  the  main  continental  divide  that  fall  within  the  boundaries  of 
our  district.  The  southwestern  portion,  to  an  extent  of  more  than  1,400 
square  miles,  is  one  continuous  mass  of  trachorheites,  with  all  their 
characteristic  orographic  features.  Toward  the  foot-hills,  and  near  tne 
few  wider  valleys  that  occur  therein,  frequent  formations  of  table- 
mountains  are  found,  sometimes  only  small,  sometimes  of  considerable 
size;  and  the  different  flows  of  trachoid  rocks  have  produced  mountains 
with  well-marked  steep  terraces.  To  the  northeast  of  this  immense 
volcanic  area  we  get  into  granite  and  hornblende  rocks  again,  forming 
massive,  heavy  mountains,  skirted  by  lower  foot-hills  composed  of  sedi- 
mentary rocks,  which  lead  off  into  the  valley  of  the  Arkansas.  West 
of  this  valley  steep  masses  of  granitic  oiountains  rise  to  an  altitude  of 
over  6,000  feet  above  valley-level,  almost  ideal  in  shape,  certainly  pre- 
senting an  imposing  sight.  These  sharply-cut  mountains  vary  some- 
what in  the  character  of  the  material  of  which  they  are  composed,  much 
less  in  their  general  outlines,  however.  Northwest  of  them  is  the 
deep  canon  of  the  Gunnison,  bordered  on  either  side  by  steep,  high 
walls,  with  a  usually  veiy  narrow  surface  in  the  valley  itself.  Leav- 
ing the  cafion  at  the  western  terminus  of  our  district,  we  flud  the 
asi>ect  of  the  country  has  suddenly  grown  much  more  gentle ;  the  influ- 
ence of  sedimentary  beds  is  again  noticeable.  A  long  valley,  about  Ave 
to  seven  miles  in  width,  extends  over  about  eighteen  miles  to  the  south- 
east, fairly  studded  in  its  upper  half  with  small  box-8hai>ed  bluffs,  com- 
posed of  Cretaceous  strata. 

Granite  covers  a  large  portion  of  the  area  in  section  o,  but  is  sur- 
passed in  quantity  by  the  trachorheites.  In  the  northeastern  part  it  runs 
parallel  to  the  Arkansas,  keeping  about  Ave  miles  distant,  borders  Pon- 
cho Pass,  and  extends  southward  for  eight  to  ten  miles,  but  is  soon 
covered  by  volcanic  rocks,  and  appears  in  the  southwestern  corner  only 
in  small  isolated  patches  exposed  by  erosion.  In  the  northwestern  ex- 
tension from  the  Arkansas  it  is  the  main  rock,  but  is  covered  partly  by 
sedimentary  strata,  partly  obliterated  by  voloanic  eruptive  rocks ;  prob- 
ably it  underlies  quite  a  considerable  portion  of  the  trachorheites  of  the 
southwest,  and,  as  far  as  could  be  judged  from  a  very  distant  view, 
comes  in  again  farther  westward.  In  this  section,  as  in  the  preceding, 
there  are  also  two  distinctly  defined  varieties  of  granite,  one  evidently 
younger  than  the  other.  Beginning  with  the  granite  immediately  west 
of  Poncho  Pass,  we  find  it  to  be  very  much  of  the  same  character  as 
given  in  the  preceding  section ;  it  is  subject  to  a  number  of  variations 
and  modifications,  caused  by  local  accumulations  of  one  or  the  other 
constituent  mineral.  If  the  mica  predominates,  in  proportion  it  will 
change  the  structure  of  the  granite,  and  all  varieties  from  typical  gran- 
ite to  equally  typical  gneiss  can  be  observed.  In  texture  it  varies  from 
a  very  fine-grained  granite  loosely  put  together  to  one  yielding  tablets 
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of  feldspar  over  a  foot  in  length.  This  general  character  of  the  granite 
is  retained  all  the  way  westward  to  the  boundary,  but  changes  in  Gun- 
nison Canon  and  its  immediate  vicinity.  There  we  have  granite  analo- 
gous to  the  one  found  at  Badger  Creek  in  section  a,  a  middle-  to  coarse- 
graiued  porphyritic  granite,  with  white  to  yellowish  oligoclase,  gray, 
white,  and  pink  quartz,  black  mica,  and  large  Carlsbad  twins  of  ortho- 
claae,  continuing  through  the  whole  canon,  with  a  few  exceptions.  On 
the  heights  inclosing  this  caiion,  the  granitic  rocks  weather  in  bold  but 
rounded  outlines.  It  was  here  that  a  good  opportunity  was  offered  to 
observe  the  often -asserted  fact  that  even  without  the  action  of  moving 
water,  without  any  motion  on  part  of  the  rocks,  bowlders  and  rounde<l 
cliffs  will  form  high  up  in  the  mountains,  sometimes  on  their  ver^'  sum- 
mits. As  one  of  the  most  effective  agents,  expansion  by  heat  has 
been  mentioned,  the  result  of  which  would  be  a  scaling  off  of  the  outer 
crust,  and,  in  course  of  time,  an  approximation  to  the  spheroid  form.  It 
seems  to  me,  however,  that  the  action  is  more  easily  explained,  and  in 
itself  is  certainly  simpler,  if  we  take  into  consideration  the  mechanical 
retention  of  wat^r  by  the  mica  and  by  the  frequently-cracked  feldspar, 
combined  with  the  expanding  action  that  cold  temperature  has  upon 
water  in  causing  it  to  freeze.  Thus  scales  of  the  rock  will  gradually  be 
carried  off  comparatively  rapidly,  as  in  the  high  altitudes  of  that  coun- 
try frost  occurs  almost  every  night  for  the  greater  portion  of  the  year. 
Other  atmospheric  influences  certainly  have  their  share  in  producing 
the  noticed  effect ;  and  sudden  changes  of  temperature,  even  without 
freezing,  cannot  occur  without  leaving  their  traces  in  the  course  of  time. 
An  interesting  point  to  study  the  behavior  of  granite  occurs  at  station 
2,  Mount  Ouray.  This  mountain  is  composed  of  hornblendic  rock,  but  at 
a  distance  shows  a  stratified  appearance  on  its  eastern  side.  Approach- 
ing closer,  however,  it  is  seen  that  this  is  owing  merely  to  the  fact  that 
narrow  and  some  wider  seams  of  granite  are  interstratified,  t.  e.,  intrud- 
ing between  the  strata  of  the  hornblende  n>ck.  The  aflSxed  cut  will 
illustrate  this  phenomenon,  having  been  taken  from  a  point  near  the 
summit  of  the  peak,  where  a  seam  of  pegmatitic  granite  about  one  foot 
in  width  intruded  between  the  hornblende-strata,  continuing  for  a  con- 
siderable distance.  Numerous  occurrences  of  this  kind  were  noticed 
on  this  mountain;  rarely,  however,  was  the  granite-seam  as  small  as 
in  this  instance.  The  very  top  of  the  peak  is  composed  of  granite,  con- 
taining reddish  feldspar,  white  to  gray  quartz,  and  white  mica,  at 
several  points  changing  to  a  true  pegmatite,  with  its  agglomerated 
quartz-crystals  contained  in  the  orthoclase-matrix.  Invariably  the 
junction  between  the  granite  and  hornblende-rock  is  perfectly  clear  and 
sharp,  without  any  transition  of  one  into  the  other.  In  the  res%im6  of 
section  c,  the  relation  of  these  two  rocks,  as  regards  their  age  and, 
partly,  genesis,  will  be  considered.  Entirely  different  from  all  the  gran- 
ites thus  far  treated  of  as  occurring  in  this  section,  we  find  those  of 
the  southern  end  of  the  Sahwatch  range,  the  granite  of  the  high  range 
bordering  upon  the  Arkansas  Valley.  Generally  it  is  of  a  lighterray 
color,  middle-grained,  with  either  one  or  two  kinds  of  feldspar,  and,  as 
far  as  noticed,  always  black  or  dark-brown  mica.  As  a  rule,  this  gran- 
ite weathers  in  sharp,  well-defined  fragments,  which  character  is  imparted 
to  the  whole  mountains  composed  of  it.  Mount  Princeton,  situated  a  lit- 
tle north  of  Chalk  Creek,  at  an  elevation  of  13,997  feet,  tapers  off  to  a  very 
fine  point,  as  do  a  number  of  the  other  peaks  in  that  range.  Its  granite 
presents  a  stratified  appearance.  The  steep  descent  toward  the  valley 
is  rather  surprising,  inasmuch  as  the  comparatively  low  land  on  the 
east  side  of  the  river  is  composed  of  an  entirely  different  granite. 
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Until  the  homblendic  rocks  near  station  3  are  reached,  the  Sahwatch 
range  retains  its  own  peculiar  kind  of  granite,  and  then  the  older 
predominating  one  again  appears.  On  Chalk  Creek,  one  of  the  two 
feldspars  (oligoclase)  decomposes  quite  readily,  and  the  bluffs  are  conse- 
quently of  a  white,  almost  chalky  appearance,  whence  the  name  of  the 
creek.  This  decomposition  appears  to  be  only  local,  extending  not  very 
far,  and  only  on  the  northern  side  of  the  creek.  Two  warm  springs 
are  found  near  the  bluffs,  bubbling  up  through  the  deposit  of  drift- 
material,  and,  as  long  as  we  remained  encamped  there,  observations  of 
their  temperature  were  taken. 

August  27,  1873,  the  smaller  one,  farther  from  the  granite-bluffs  than 
the  other,  within  about  80  yards  of  the  creek  : 

6  a.  m.  12  m.  7  p.  m.  9  p.  m. 

108O.5F.  112O.0F.  lllo.OF.  109O.5F. 

It  remains  to  be  stated  that  the  waters  of  this  spring  were  exposed  to 
the  action  of  the  sun's  rays  during  the  entire  day,  which  may  account 
for  the  rise  of  temperature  during  noon  and  its  gradual  cooling  toward 
evening.  Two  observations  of  the  larger  one  were  taken,  which  is 
located  nearer  to  the  granite-bluffs,  farther  removed  from  the  creek. 
One  was  taken  at  G  a.  m.,  the  other  at  12  m.,  and  in  both  cases  the  tem- 
perature was  found  to  be  130^  F. 

Besides  these  younger  granites,  we  have  still  another  one  in  section  ft, 
at  station  38.  Analogous  to  the  granite  that  has  given  cause  for  the 
formation  of  the  Sangre  de  Christo  range,  station  38  presents  a  small 
granitic  cove,  very  similar  to  the  former  in  lithological  character,  with 
Silurian  and  Carboniferous  strata  dipping  off  from  it  on  all  sides.  This 
is  the  only  instance  of  the  kind  that  we  have  here,  but  it  is  certainly  a 
very  striking  one.  A  section  cutting  through  station  38,  given  under  the 
head  of  Carboniferous,  will  more  clearly  show  its  position. 

Closely  related  to  the  gi'anites  we  find  a  rock  composing  the  mount- 
ain upon  which  station  45  was  located,  at  the  head  of  Chalk  Creek.  A 
crystalline  aggregate  of  orthoclase,  oligoclase,  quartz,  chlorite,  and  horn- 
blende, (very  sparingly,)  constitutes  the  rock.  Orthoclase  is  contained 
in  it  as  CarLsbad  twins,  reaching  an  inch  and  a  half  in  length,  of  light 
flesh-color,  inclosing  lamina)  of  white,  transparent  oligoclase.  The  lat- 
ter is  dispersed  throughout  the  rock  in  small  portions,  of  white  color,  but 
not  so  transparent  as  when  in  the  orthoclase.  Quartz  is  colorless,  trans- 
parent, not  very  plentiful ;  sometimes  found  as  rounded  grains.  Chlo- 
rite of  a  pale  muddy  green  to  dark  green  and  blackish  green  occurs 
in  small  crystals  and  crystalline  masses  replacing  mica.  Hornblende 
was  observed  rarely  in  thin  prisms.  For  this  rock  I  use  the  term  Por- 
phyritic  Protogine. 

Homblendic  rocks  are  found  at  several  localities  in  section  c,  invariably 
forming  peaks  of  considerable  elevation.  The  masses  are  never  contin- 
uous, but  occur  in  isolated  patches,  in  every  instance  serving  as  topo- 
graphical stations — stations  2, 3, 43,  and  44  being  located  on  them — and, 
without  exception,  they  are  surrounded  by  granite.  A  stratified  struc- 
ture of  the  rocks  will  always  be  found,  at  times  parallel  to  the  stratoid 
texture,  again  making  various  angles  with  it.  On  station  2,  Mount 
Ouray,  we  find  the  granite  breaking  through  this  rock ;  find  it  interstrati- 
fied  in  a  most  characteristic  manner ;  and  find  on  the  most  precipitous 
side  that  the  very  interior  of  the  mountain  must  be  made  up  to  a  con- 
siderable extent  of  granite,  which  is  coarse-grained,  of  lightred  color, 
with  but  little  mica.  The  shape  of  the  mountain  is  approximately  that  of  a 
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huge  amphitheater,  the  sides  of  which  slope  down  steeply  toward  the  cen- 
ter, a  little  more  geutly  toward  the  periphery.  Upon  first  sight,  the  rock 
composing  this  mountain  might  be  called  a  coarsegrained  hornblende- 
schist;  but  examination  shows  that  the  gray  to  dark-green  mineral  is 
not  liornbleude,  but  probably  diallage;  the  white  crystalline  feldspar  oc- 
curring interstratified  with  the  diallage,  is  oligoclasef  smnll  quantities  of  a 
dark  grayish-green  chlorite  are  accessories;  also  an  admixture  of  mag- 
netite, containing  probably  a  little  chromic  iron.  In  this  instance,  there- 
fore, we  have  a  rock  that  is  quite  widely  distributed  in  the  southern  se- 
ries and  northern  Italian  Alps,  characteristic  in  its  structure,  although 
in  texture  closely  related  to  some  others — euphotide.  Considerable  varia- 
tion takes  place  in  the  texture,  owing  to  changes  in  the  relative  quantity  of 
the  different  minerals,  and  to  the  introduction  of  hornblende,  whereby  a 
more  slaty  structure  is  effected  as  through  mica.  The  weathered  surface 
is  sometimes  brown,  although  more  frequently  a  dark-green,  almost 
black.  Station  3  is  composed  of  the  same  material,  and  subject  to  the 
same  variations  mentioned  above.  Besides  these  points,  we  find  a  similar 
rock  farther  to  the  north  and  a  little  west  of  Mount  Ouray — higli  black 
peaks  of  pyramidal  shape,  with  clean-cut  onthnes,  presenting  faces  with 
steep  slopes.  Here,  however,  the  rock  is  more  schistose  still ;  mica  occur- 
ring in  more  considerable  quantity  produces  this  effect.  Stratification 
is  also  existing  there,  although  the  curious  peaks  in  which  the  granite 
of  station  2  indulges  do  not  occur.  At  stations  43  and  44  mica  occurs 
in  such  considerable  quantities  that  the  rock  might  seem  more  like  a 
very  tine-grained  mica  schist,  with  little  quartz  and  radiating  hornblende 
and  epidote  as  accessories.  It  seems  that  with  these  variations  it  would 
scarcely  be  advisable  to  refer  this  occurence  to  the  same  group  to  which 
Mount  Ouray  belongs;  it  seems  to  be  more  closely  allied  with  mica- 
schists.  Upon  weathering,  the  rock  scales  oft*  in  single  i)lates  or  tablets, 
that  cover  the  sides  of  the  mountain,  and  by  their  frequent  sliding  pre- 
vent the  growth  of  vegetation.  These  schists  stand  in  no  such  intimate 
connection  with  the  granite  as  those  spoken  of  above,  and  the  boundary- 
line  between  the  two  Is  very  distinct  and  sharp.  All  these  points,  with 
the  exception  of  station  3,  are  located  on  the  continental  divide,  and  rise 
to  considerable  elevation.  Besides  these  occurrences,  there  are  no  rocks 
of  a  similar  character  in  section  c  except  those  dioritic  ones  forming 
dikes. 

The  Silurian  formation  is  found  in  section  c  at  several  points  along 
the  base  of  the  granitic  mountains  bordering  the  southern  end  of  the 
Arkansas  Valley,  again  surrounding  station  38  and  near  station  42. 
Granite  foot-hills  slope  off'  toward  the  valley  of  the  Arkansas  in  rounded 
outlines,  and  immediately  resting  upon  them  we  find  the  heavy  Silurian 
beds,  recognizable  from  their  characteristic  lithological  constitution. 
Light-colored  quartzites  of  yellowish,  bluish,  and  reddish  tints  are  con- 
formably stratified  with  the  superincumbent  gray  to  bluish  limestone 
with  siliceous  segregations,  all  dipping  off  uniformly  at  an  angle  of 
about  150  to  80°  toward  the  north.  Erosion  has  formed  a  number  of 
bluff's  along  the  lower  edge  of  the  Silurian  rocks;  but  upward  they 
recline  in  regular  outlines  upon  the  granite.  As  no  fossils  were  found, 
I  am  not  prepared  to  parallelize  these  formations  with  any  occurring 
in  the  Eastern  States;  but  lithologically  they  certainly  seem  to  be  identi- 
cal with  those  found  north  of  the  Arkansas  River.  A  section  taken 
through  Mount  Ouray,  running  almost  due  northeast  through  station 
55,  may  illustrate  the  position.  The  highest  point  of  station  2  is  com- 
posed of  granite,  (a,)  and  granite  veins  traverse  the  euphotide  {b)  through- 
out, which  is  represented  by  a  series  of  granitic  ramifications  occurring 
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M-ithin  the  former,  keeping  approximately  parallel  with  the  westerly  dip 
of  the  eaphotide.  Descendiug  from  the  peak,  this  rock  is  suddenly  cut 
off  in  an  almost  vertical,  sharp  line,  visible  for  nearly  2,000  feet  along 
the  side  of  the  mountain,  and  granite  sets  in,  which  continues  until  the 
valley  is  nearly  reached.  Here  we  find  the  Silurian  beds,  (e,)  perhai)S 
even  Carboniferous,  although  that  formation  was  not  identified  with  cer- 
tainty, dipping  off  toward  the  river.  Drift-deposit  {d)  obscures  the  struc- 
ture entirely,  until  the  low  rolling  hills  on  the  north  of  the  Arkansas 
show  granite  exposed.  Without  much  variation  in  altitude,  this  contin- 
ues for  about  ten  miles,  until  a  bluff*,  rising  rather  abruptly,  is  (downed 
by  the  Silurian  strata,  (c,)  upon  which  station  55  was  located.  The  very 
formation  of  this  bluff  is  probably  owing  to  the  hard,  protecting  cap  of 
quartzites  and  limestones.  It  seems  reasonable  to  suppose  that  the  beds 
we  found  at  the  base  of  station  2  were  at  one  time  connected  with 
those  twenty  miles  farther  to  the  northeast,  and  under  circumstances 
whereby  the  construction  of  connecting-lines  would  indicate  the  forma- 
tion of  an  S-shaped  fold,  which  may  have  served  to  break  up  and  destroy 
the  connection.  There  seems  to  have  been  an  inequality  in  the  rising 
of  the  land  on  the  two  sides  of  the  Arkansas  at  that  point,  which  may 
account  for  the  fold.  This  view  of  a  former  connection  is  strengthened 
by  the  fact  that  but  fifteen  miles  below  our  section  the  Silurian  of  both 
sides  approach  each  other  within  four  miles.  In  the  northwest  corner  of 
section  e,  the  Silurian  was  also  found,  and  identified  again  b^^  its  petro- 
logical  character  and  its  normal  position  to  the  Carboniferous.  As  it 
conducted  itself,  so  far  as  could  be  noticed,  throughout  conformably 
with  the  latter,  and  no  special  stratigraphical  studies  could  be  made  re- 
garding it,  I  will  refer  to  the  description  of  the  Carboniferous  of  that 
region.  A  doubtful  point  occurs  at  stations  36  and  37,  where  the  quartz- 
ites closely  resemble  those  of  the  Silurian  formation  :  but  the  absence  of 
Carboniferous  in  the  line  running  from  that  point  to  the  Cretaceous 
strata,  without  any  inversion  having  taken  place,  prevents  their  exact 
identification,  and  therefore  that  point  shall  be  left  doubtful. 

The  Carboniferous  formation  occurs  at  one  point  only  in  the  eastern 
portion  of  section  e,  unless  it  might  be  found  overlying  the  Silurian, 
where  it  was  not  identified,  however,  lining  the  outer  edge  of  the  gran- 
itic mountains  bordering  upon  Homan's  Pairk. 

In  speaking  of  the  Saugre  de  Christo  range,  reference  has  already 
been  made  to  it,  and  the  probability  suggested,  which  is  corroborated 
by  this  occurrence,  that  the  Arkansas  sandstone  is  persistent  across  the 
northern  portion,  and  perhaps  partially  so  across  some  of  the  middle 
and  southern  portions  of  San  Luis  Valley.  The  dip  here  is  to  the  east, 
away  from  the  mountains  it  rests  upon.  Of  more  importance  are  tlie 
Carboniferous  rocks  of  the  northwest  portion  of  section  c.  Leaving 
stations  36  and  37  as  undecided,  we  find  farther  northward  the  highlands 
north  and  south  of  the  canon  of  the  Gunnison  composed  of  Carbon- 
iferous limestones  of  considerable  thickness.  Ascending  the  steep 
granitic  hills  forming  either  side  of  the  canon,  the  stratified  sedimentary 
rocks  are  seen  crowning  the  top  and  gently  dipping  toward  the  caiion. 
Station  38  is  located  on  a  peak  of  eruptive  granite,  and  surrounded  on 
all  sides  by  sedimentary  beds.  The  northern  portion  of  section  B,  Plate 
XIV,  will  show  more  clearly  the  position.  After  leaving  the  coarse- 
grained red  granite,  (a,)  an  immense  dike  of  dioritic  rock  occurs,  strik- 
ing considerably  out  of  course,  almost  east  and  west ;  but  immediately 
after  passing  this  dike,  a  heavy  mass  of  limesto.ies  and  quartzites  {c)  is 
found,  upon  tlie  edge  of  which  station  38^  was  located.  These  strata 
have  a  dip  to  the  south  of  about  2(P  to  25^,  increasing,  however,  as  we 
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proceed  farther  iiortb.  Before  reaching  the  granitic  point,  a  stratum  of 
horublendic  trachyte  is  found  to  cover  the  sedimentary  rocks,  the  dip  of 
which  liaa  increased  at  that  point  to  about  30^.  Standing  on  station  38, 
the  highest  point  of  the  vicinity,  at  an  elevation  of  12,795  feet,  the  sedi- 
mentary roclvs  are  seen  to  form  a  craterlike  figure  all  around  this  cone, 
showing  on  all  sides  a  strong  radiating  dip  from  it.  On  the  sides 
nearest  to  the  cone,  the  strata  are  exposed,  presenting  a  face  of  at>oat 
1,200  feet  in  thickness,  and  falling  off  nearly  vertically.  The  trachyte 
that  partially  covers  the  top  shows  itself  in  a  distinctly-marked  pre- 
cipitous ridge  capping  the  limestones,  a  large  portion  of  which  are 
changed  to  marble.  On  the  south  side,  at  station  38^,  it  was  impossible 
to  find  that  the  strata  there  had  any  connection  with  those  farther  down 
the  valley,  while  on  the  eastern  and  northern  sides  they  slope  off  for 
sonie  distance;  on  the  southern  decreasing  their  dip  as  they  proceed. 
This  point  is  so  very  characteristic  and  unique  in  its  details  that  it  is  to 
be  regretted  that  not  more  time  could  be  given  to  a  careful  study  of 
the  changes  that  have  occurred  in  stratigraphical  and  lithological  condi- 
tions. 

A  section  running  through  this  wall  of  strata,  with  the  thickness  of 
beds  estimated,  sliows  the  following  arrangement: 

The  lowest  members  that  can  well  be  distinguished  are  about  320 
feet  of  light  gray  to  bluish  to  almost  white  limestones,  (a,)  with  quartz- 
itic  segregations  characteristic  to  the  strata  of  that  horizon,  and  sparse 
remains  of  crinoids.  Although  the  identification  is  necessarily  not  a 
very  thoroujjh  one,  these  beds  have  been  referred  to  the  Silurian. 
Above  that  follow  80  feet  (b)  of  yellow  and  gray  shales,  regarded  as 
Devonian ;  then  175  feet  of  variegated  shales  (d)  partly  sandy,  with 
isolated  banks  of  limestone,  weathering  smoothly,  with  a  steep  face; 
200  feet  of  li{»ht-gray  and  yellowish  limestones  follow,  interstratified 
with  narrow  bands  of  shale,  and  partly  altered  so  as  to  ap|H*ar  like 
marble  ;  the  whole  is  covered  by  40  feet  of  liglit  shales,  separated  from 
45  feet  of  the  same  material  by  a  20-foot  stratum  of  dark-blue  Carbon- 
iferous limestone  (e)  full  of  fossils;  a  short  synopsis  of  which  will  be 
given  at  the  end  of  the  description  of  Carboniferous.  This  stratum  is 
a  well-marked  horizon,  and  can  be  traced  along  for  considerable  dis- 
tance, forming  a  narrow,  dark  line  between  the  lighter  rocks  that  over- 
and  underlie  it.  Ui)on  this  follow  150  feet  of  light-blue  and  yellow 
limestones,  (/,)  dolomitic  in  part;  a  large  portion  of  them  altered  into 
marble.  Single  bands  of  quartzite  appear  also,  and  almost  all  the 
strata  contain  a  few  fossils.  Overlying  there  are  50  feet  of  yellow,  red- 
dish, and  whitish  shales  without  any  fossils;  70  feet  of  a  hornblendic 
trachyte  (h)  cover  the  whole. 

About  seventy  st|uare  miles  are  covered  by  the  Carboniferous  at  that 
point,  but  no  connection  is  made  with  that  on  the  north  side  of  the 
canon  of  the  Gunnison.  Ascending  the  heights  north  of  the  canon, 
the  same  conditions  are  found  to  occur  as  on  the  south  side;  the  sedi- 
mentary beds  sloi)ing  down  toward  the  river.  At  the  point  where  the 
cafion  o[>ens  into  Taylor  River  Valley,  the  Carboniferous  strata  make  a 
sweep  down  the  hill,  for  a  short  distance  form  the  bed  of  the  river, 
and  extend  across  it  to  the  south,  but  only  for  a  short  distance.  Station 
42  is  located  on  the  north  side  of  the  canon  on  a  trachyte  that  covers  the 
Carboniferous,  which  extends  northward  beyond  the  limits  of  our  sec- 
tion. In  thickness  and  stratigraphical  relations,  there  exists  an  almost 
j)erfect  identity  between  the  formations  on  the  two  sides  of  the  caiion. 

Although  the  quantity  of  fossil  remains  occurring  in  that  stratum  of 
dark-blue  limestone  is  very  considerable,  there  are  but  few  species,  and 
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of  those  the  preservation  has  been  a  rather  inferior  one.  A  number 
of  crinoids,  brachiopods,  cephalopods,  &c.,  were  foand.  The  aspect  of 
.several  of  the  species  reminds  strongly  of  Upper  Devonian  types ;  but  in 
determining  here,  the  general  character  of  thiugs  must  be  taken  into 
consideration  rather  than  the  identification  of  any  one  single  specimen  be 
relied  upon.  Curiously  enough,  almost  all  the  species  found  there  are 
such  as  have  very  nearly  allied  forms  in  the  formations  preceding,  so 
that  discrimination  becomes  diflftcult.  We  have  here  a  similar  case  to 
one  that  Professor  Meek  speaks  of  in  the  lieport  of  the  United  States 
Geological  Survey  for  1872,  page  432,in  treating  of  the  Carboniferous  of 
Mystic  Lake  and  vicinity :  "They  belong,  without  exception,  to  genera 
'that  are  common  both  to  the  Carboniferous  and  Devonian,  while  a 
smaller  portion  of  the  genera  is  also  represented  in  the  Silurian."  "  Some 
of  the  Froducti,  CJionei^j  and  JSpirifer  have  rather  a  Devonian  look, 
while  a  line  striated  Heynipronitea  is  very  similar  to  some  of  the  Devon- 
ian types  of  that  genus."  "  Notwithstanding  the  resemblance  of  some 
of  these  fossils  to  Devonian  forms,  and  the  fact  that  scarcely  any  of  the 
species  can  be  identified  beyond  doubt  with  forms  peculiar  to  the  Car- 
boniferous, I  must  regard  the  whole  as  belonging  to  the  lower  part  of 
the  Lower  Carboniferous."  "  The  entire  absence  of  any  strictly  Devon- 
ian and  other  types  of  corals,  crinoids,  lamellibranchs,  &c.,  also  favors 
the  conclusion  that  this  formation  belongs  to  the  Carboniferous,  which 
conclusion  is  also  supported  by  the  specific  affinities,  if  not  even  by  the 
specific  identity,  of  some  of  the  species  of  Spiriferj  Prodvctusy  &c.*'  This 
quotation  applies  admirably  to  our  present  case.     We  find — 

Numerous  fragments  of  the  columns  of  crinoids,  not  recognizable. 

Large  numbers  of  a  delicate  rimose  chcctetes-Uke  coral,  which  is  mostly 
weathered  beyond  recognition  of  outer  stnicture. 

An  infundibular  form  of  Fenestella^  quite  numerous. 

AthyriSj  in  one  small  specimen. 

Splrifer^  with  the  medial  lobe  finely  striated  longitudinally ;  the  lat- 
eral lobes  containing  numerous  stronger,  simple,  radiating  costie;  vary- 
ing considerably  in  size. 

Bhynchonella^  which  has  a  decidedly  Devonian  aspect. 

OrthiSj  a  compressed  resupinate  form,  with  an  extremely  narrow 
area ;  probably  a  new  species. 

Hemipronites,  closely  related  to  JJ.  erenistria^  resembling  some  De- 
vonian types. 

Ooniatitesy  in  two  very  poor  specimens. 

Orthoeenis, 

Frodiwtusj  in  two  specimens,  that  admit  of  some  doubt,  however ;  one 
fragment  was  found  that  seems  to  belong  to  a  conoid  univalve. 

Mesozoio  beds. — None  are  found  in  section  c. 

The  Cretaceous  formation  is  quite  considerably  developed  near  the  cen- 
tral western  portion  'of  section  c,  following  along  Tomichi  Creek.  From 
the  south  and  west,  the  predominating  trachorheites  have  overflowed 
the  sedimentary  beds ;  and  while  a  considerable  po'^tion  is  covered  by 
them,  erosion  has  broken  through  at  several  points,  and  thereby  formetl 
bluffs  from  100  to  300  feet  in  height,  composed  of  sedimentary  strata 
and  capped  by  volcanic  material.  All  along  the  western  side  of  the 
valley  bordering  on  Coochetopa  Creek  this  is  the  case,  and  on  one  of 
the  bluffs  station  35  is  located.  The  greater  part  of  the  eastern  portion 
of  them  seems  to  be  made  up  of  Cretaceous  Nos.  2  and  3,  while  the 
western  shows  more  of  the  lower  sandstone  strata.  A  section  taken 
through  a  cut  in  a  naiTow  gulch  to  be  ea^t  of  station  35  gave  the  follow- 
ing result,  beginning  Irom  below : 
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22  feet,  dark-gray  shales,  weathering  a  little  lighter,  containing  Ostrea 
vomplexa  aiul  fragments  of  large  Tnocerami, 

40  feet,  of  yellow  shales,  with  white  and  yellow  sandstones,  full  of  (htrea 
and  Inoceramus, 

17  feet,  of  light-yellow  shales,  of  more  marly  character. 

8  feet,  of  the  same  shale,  traversed  by  ])lates  of  calcite  from  one-foarth 
inch  to  one  inch  in  thickness,  of  several  feet  in  extent. 

12  feet,  brownish-gray  shales,  also  with  calcite. 

40  feet,  of  gray  shales,  weathering  lighter. 

120  feet,  gray  shales,  partly  dark,  partly  light,  weathering  rapidly,  con- 
taining toward  their  upi>er  and  lower  limits  pyrite  and  crystals  of 
seleuite. 

30  feet,  of  light-gray  shales. 

20  feet,  of  yellow  shales. 

Above  this  there  was  rhyolite,  having  flowed  from  the  southeast. 

This  thickness,  of  little  over  300  feet,  probablj'  represents  the  average 
thickness  of  the  Cretaceous  beds  of  that  horizon  throughout  that  valley, 
as  but  small  deviations  from  the  general  character  were  observed.  In 
going  u[)  to  station  36,  these  same  strata  were  found  again ;  but  how  they 
connect  I  am  unable  to  say.  They  certainly  overlie  the  quartzite  of  that 
station,  dipping  in  a  southwesterly  direction  toward  the  valley.  Sec- 
tion A,  Plate  XIV,  will  explain  the  relative  position  of  the  strata.  It 
runs  almost  due  northeast  to  southwest  from  station  36  to  station  35. 
The  trachyte  (/)  predominating  on  the  western  side  of  Coochetopa  Creek 
comes  to  a  close  there,  and  along  the  bed  of  the  creek  a  coarse-grained 
granite  (d)  crops  out.  Resting  immediately  upon  it,  we  find  a  quartz- 
itic  white  sandstone,  (e?,)  covered  by  light  sliales  and  shaly  limestones ; 
above  these,  another  white  sandstone;  and  then  yellow  shales  with  iso- 
lated sandstone  strata.  These  latter  are  the  shales  referred  to  in  the 
previous  section,  and  it  is  they  that  are  mainly-  covered  by  trachyte, 
(g,)  A  few  miles  north  of  station  35  they  are  covered  by  drift,  and  do 
not  appear  again  until  near  the  base  of  station  36.  Whether  the  sand- 
stone there  is  conformable  or  not  with  the  Cretaceous  strata,  or  what- 
ever its  stratigraphical  conditions  may  be,  could  not  be  made  out  on 
account  of  the  utter  lack  of  any  exposure  of  structural  conditions.  The 
next  section  (B)  is  taken  through  station  35  to  station  88,  having  a 
course  of  a  few  degrees  east  of  north.  Here  the  §tcata  can  be  more 
readily  followed,  and  it  can  be  made  out  with  certahity  that  the  sec- 
ond sandstone  stratum,  (c,)  probably  even  the  first,  bends  upward  again 
to  the  north,  and,  reclining  upon  the  granite,  forms  a  shallow  synclinal 
valley.  The  drift-material  deposited  by  Tomichi  Creek  is  quite  consid- 
erable, and  hinders  somewhat  in  recognizing  structure  ;  but  the  yellow 
and  brownish  sandstone  capping  the  granitic  blutts  in  the  western  por- 
tion of  Tomichi  Valley  is  probably  Lower  Cretaceous.  In  the  eiistem 
part,  the  dip  is  off  from  the  trachorheitic  mountains  to  the  westward  ; 
while  from  the  western  end,  the  dip  is  southeastward.  Wherever  the 
characteristic  yellow  and  gray  shales  occurred,  considerable  quantities 
of  fossils  were  observed,  but,  strange  to  say,  never  anything  besides 
(htrea  and  Inoceramus.  Over  westward,  toward  station  41,  the  shales 
have  disappeared  almost  entirely  on  the  northern  side  of  the  valley, 
and  nothing  but  the  lower  sandstones  remain.  It  seems  probable  to 
mo  that  the  Cretaceous  rocks  extend,  at  least  for  some  distance  to 
the  south  and  southeast,  under  the  covering  trachorheites,  judging 
from  the  general  orogi'aphic  features  of  the  country,  that  seem  to  be 
more  those  of  a  sedimentary  one  than  of  a  volcanic.  The  Cretaceous 
that  we  find  along  Tomichi  must  have  come  in  from  the  northwest 
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in  the  form  of  a  bay,  and  was  probably  driven  back  by  the  volcanic  ac- 
tivity that  was  developed  soon  after  south  of  it.  About  ninety  square 
miles  are  covered  by  this  formation  here ;  and  if  it  extends  under  the 
trachorheites  as  far  as  I  think  it  probable,  it  will  amount  to  about  one 
hundred  and  fifty  square  miles  more.  Between  stations  26  and  27  a  small 
fresh-water  dei)Osit  was  found,  undoubtedly  belonging  to  the  Tertiary 
period,  and  probably  the  Miocene.  A  section  on  page  ,  illustrating 
the  position  of  the  eruptive  volcanic  rocks,  will  show  its  position.  Kest- 
ing  apparently  upon  granite,  it  dips  off  gently  to  the  westward,  contain- 
ing, in  its  strata  of  white  argillaceous  limestones  and  shales,  numerous 
remains  of  plants  and  smal  shells  of  Limncca.  The  volcanic  material 
coming  from  station  27  eastward  covered  the  greater  portion  of  theiittle 
bay,  so  that  not  much  of  it  is  exposed  at  present.  This  occurrence  may 
be  some  small,  merely  local,  fresh-water  deposit,  or  it  may  be  the  continua- 
tion of  a  more  extensive  series  of  strata,  which  cannot  be  determined  un- 
less the  country  is  either  very  well  known,  so  that  additional  exposures 
might  afford  some  reliable  data,  or  otherwise  artificial  means  of  testing 
would  be  employed.  Of  the  two,  the  former  seems  more  probable,  as  some 
of  the  neighboring  streams  cut  in  quite  deeply',  down  to  the  granite,  so 
that  any  sedimentary  rocks  occurring  there  would  have  been  exposed. 
This  littleoutcrop  is  theonly  one  of  Tertiary  beds  that  was  found  through- 
out the  entire  section,  but  it  seems  probable,  judging  from  the  orographic 
features  of  the  country,  that  west  of  our  district  we  may  find  more  exten- 
sive formations  belonging  to  that  age.  It  may  seem  strange  that  along  the 
ceuter  and  consequently  western  terminus  of  San  Luis  Valley  there  is 
neither  Cretaceous  nor  Tertiary,  as  the  waters  of  that  period  could  not 
have  had  any  very  great  obstacles  to  overcome  in  reaching  those  points. 

The  larger  portion  of  section  c  is  covered  by  volcanic  rocks  belonging 
to  the  trachorheit^  group,  which  form  a  heavy  mass  of  mountains, 
sometimes  rising  to  a  very  considerable  elevation,  covering  at  the  same 
time  over  fourteen  hundred  square  miles. 

In  this  main  mass  of  trachorheites  we  find  every  variety  belonging  to 
the  group  represented.  As  a  rule,  it  may  be  said  that  the  highest  and 
most  prominent  points  are  composed  of  andesites  and  trachytes,  the 
latter  rarely,  however;  that  the  plateaus  and  terraces  are  andesitic, 
sometimes  trachy tic  tuffs ;  the  low,  bluff-like  hills  along  the  base  of  the 
higher  mountains  are  of  a  rhyolitic  character ;  and  a  number  of  little 
hillocks  are  formed  by  an  ashy  material,  probably  not  much  older,  if  not 
as  young,  as  the  rhyolites.  Discrimination  from  the  lithological  char- 
acter alone  becomes  very  difiicult  wherever  such  an  immense  number  of 
varieties  occur.  On  every  hill,  on  every  station,  several  varieties  of  the 
predominating  rock  can  be  found,  varying  within  twenty  yards  of  each 
other  to  such  an  extent  that  it  is  by  no  means  an  easy  task  to  draw  the 
lines  of  distinction  correctly.  A  mass  of  high  andesitic  mountains  occurs 
about  five  to  six  miles  south  of  Mount  Ouray,  upon  one  of  which  station 
24  is  located  at  an  elevation  of  13,400  feet,  and  throughout  that  portion 
of  the  volcanic  country  a  number  of  peaks  nearly  as  high  occur,  forming 
an  almost  regular  horseshoe,  studded  with  numerous  smaller  hills  inside. 
When  seen  in  the  field,  the  impression  produced  by  it  was  that  of  one 
huge  crater-edge,  containing  within  its  limits  a  number  of  smaller  eruptive 
cones.  Along  the  crest  of  that  crater,  the  andesites  are  very  compact, 
hard,  almost  jaspery  in  appearance,  changing  somewhat  as  they  descend 
into  the  lower  portions ;  and  on  the  eastern  edge  those  mountains  are 
bordered  by  compact,  red  rhyolites  that  have  flowed  down  into  the 
valley  to  an  elevation  not  much  over  7,500  feet.  Andesitic  tuffs  make 
up  a  very  considerable  portion  of  the  country  there,  but,  contrary  to 
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their  usual  character,  frequently  show  a  compact  t<?xtare.  The  andesit€ 
on  station  23  has  a  very  line-grained,  honiogeneous  paste  of  mai*ooo 
color,  with  numerous  crystals  of  oligoclase,  few  of  orthoclaae,  and  some 
of  chlorite  embedded  in  it.  So  great,  however,  is  the  variation  that 
a  short  distance  from  the  top  the  paste  turns  buti',  the  oligoclase  has 
disappeared,  sanidite  oecnrring  instead,  and  tine  needles  of  hornblende 
replace  the  chlorite.  Whereiby  these  changes  are  produced  that  are 
only  local,  and  sometimes  limited  to  a  very  small  portion  of  the  rocks 
only,  1  cannot  say,  but  strongly  suspect  tliat  ditterences  in  the  process 
of  cooling,  regarding  both  the  method  of,  and  time  consumed  in,  cool- 
ing, may  have  produced  these  effects.  All  over  the  mountain,  however, 
that  rises  considerably  above  timber-line,  the  rocks  weather  in  thin 
slabs,  from  one  inch  in  thickness  to  several  feet,  giving  a  submetailic 
sound  when  struck  with  the  hammer.  Some  of  the  mountains  between 
Ouray's  IVak  and  station  23  have  a  slight  color,  from  light  red  to  yel- 
lowish, owing,  probably,  not  to  a  change  of  material  but  to  a  difference  in 
the  weathering.  On  station  24  the  character  of  the  andesite  is  very  sim- 
ilar to  that  of  station  23,  showing  the  same  compact  texture,  and  the  same 
minerals,  with  the  exception  of  orthoclase  and  chlorite,  which  latter  is 
replaced  by  crystals  of  mica.  Sanidite  is  contained  in  numerouscrystals. 
Magnetite  occurs  in  considerable  (luantity.  As  before,  the  same  changes 
of  color  oc(rur,  due  this  time  more  to  weathering,  as  the  comjwsition  of 
the  rocks  undergoes  no  change.  Taking  the  general  aspect  of  the  rock, 
it  resembles  trachyte  to  some  extent ;  but  its  geological  features  and 
1  mineral  constituents  make  it  out  as  andesite.     Leaving  this  interesting 

point  and  proceeding  westward,  wo  tind  the  character  of  the  country 
■  changing  somewhat,   the  high,  massive   mountains  disapjH'ar  along 

'  Saguache  Creek,  and  instead  we  find  low  table-hills,  with  steep  si<les 

j  and  level  tops.    Freiiuently  the  sides  of  these  tables  have  a  stratified 

{  ai)pearance,  and  the  last  upi)er  stratum  presents  a  steep,  rugged  face. 

A  very  characteristic  feature  of  the  mountains  can  be  obser\'ed  all  along 
Saguache  Creek,  and  also  across  the*contineutal  divide,  that  is,  the 
terrace-formation  on  their  sides.  Evidently  the  tuff  that  forms  these 
hills  has  at  one  time  flowed  alongin  such  a  manner  as  to  form  a  stratum ; 
another  How  has  succeeded  it,  perhaps  after  a  lapse  of  considerable  time ; 
and  the  conditions  at  present  are  such  that  the  hill-side  will  not  weather 
off  so  as  to  form  an  unbroken  slope,  but  every  one  of  these  larger  flows 
is  designated  by  a  sharp  terrace  of  barren  rock,  which  is  well  illustratinl 
b^'  the  annexed  cut.  Frequently  three,  four,  and  even  more  terraces  are 
found,  one  above  the  other,  [)arallel  to  each  other,  presenting  light  colors 
mostly,  varying  from  white  to  yellow,  reddish,  and  light  brown. 

Throughout  the  southwestern  i)ortion  of  the  section,  the  ocourrence 
of  the  trachorheites  is  uniform  and  very  similar  to  those  just  de- 
scribed. Station  32  is  located  on  the  edge  of  a  trachy  tic  ridge,  where  the 
rock  is  red,  slightly  vesicular,  certainly  enough  so  to  give  it  the  charac- 
teristic roughness,  changing  at  times  into  black,  then  be(^omiug  more 
compact.  Crystals  of  sanidite  and  brown  mica  are  dispersed  all  tSrough 
the  rock,  and  hyalite  is  found  coating  the  sides  of  any  small  fissures 
that  ma^'  occur.  Hyalite  is  found  ver^'  frequently  in  these  volcanic 
rocks,  as  is  also  jasper,  tbe  latter  varying  in  color  from  white  to  yellow, 
red,  brown,  green,  and  black.  This  trachyte  contains  but  a  trace  of 
magnetite,  while  an  andesite  found  near  by  contains  a  considerable 
quantity.  Station  33  to  the  southwest  of  32  is  located  upon  a  high, 
prominent  point  composed  of  andesite.  Tbe  lithological  character  of 
this  rock  is  so  constant  that,  although  a  great  many  miles  apart,  no 
specific  differences  are  found,  and  in  this  instance  again  we  have  a  rock 


Str«tn  of  volcBuic  rocks  near  8a);iiacho. 

r\K.  v.\. 


Dike  ot  ObBiiliBn. 
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that  could  scarcely  be  distingaished  from  the  andesite  of  station  50, 
more  than  eighty  miles  distant.     Variations  occur  within  certain  limits, 
and  are  repeated  at  almost  every  place  of  occurrence  in  a  greater  or 
less  degree,  but  the  specific  character  remains  true  to  itseU.    In  the 
southern  portion  of  section  c  andesite  seems  to  form  the  highest  peaks, 
well  marked  by  their  sharp,  bold  outlines,  and  their  dark  color,  unusual 
in  a  country  of  trachytes  and  tutts,  while  these  latter  compose  the  lower 
ridges  and  Iiigli  i)lateaus.  Station  34,  west  of  Coochetopa  Creek,  is  located 
on  a  sanidite  trachyte  ;  a  brownish  paste  includes  numerous  crystals  of 
sanidite,  and  also  some  of  hornblende,  black  and  bronze-colored  mica. 
From  that  stiition  north  and  eastward  the  tuffs,  rhyolites,  and  trachy- 
tic  ashes  become  more  numerous  again  than  they  were  in  tlie  more 
southerly  portions,  thereby  changing  somewhat  the  orographic  features 
of  the  country,  although  it  cannot  be  denied  that  this  change  may  be 
partially  i)roduced  by  underlying  sedimentary  beds.    The  tuffs   have 
overflown  the  Cretaceous  beds  east  of  the  Coochetopa,  and  were  proba- 
bly cooled  under  water,  whereby  their  character  is  changed  to  a  consid- 
erable extent,  as  they  present  all  possible  varieties  and  differences  in 
composition  ami  texture.    Mostly,  however,  they  are  of  light  color  vesic- 
ular, containing  crystals  of  sanidite,  mica,  and,  if  rhyolitic,  free  (]uartz. 
At  stations  2G  and  27  we  find  a  very  interesting  locality,  showing  a 
comparatively  large  variety  of  volcanic  rocks,  and  at  the  same  time 
the  only  deposit  of  sedimentary  material  that  wjis  observed  in  this  great 
lava  region.    Station  26  is  located  on  a  phonolitic  andesite  of  a  dark 
bluish-gray  color,  siightly  vesicular  at  places,  containing  small  needles 
of  hornblende  and  small  crystals  of  black  mica  and  sanidite  in  a  compact, 
microcrystalline  paste.  On  thewestsideof  thesummit,theandesite!shows 
columnar  structure,  each  column  being  separated  at  a  right  angle  to  its 
longitudinal  axis  into  numerous  thin  plates.     Between  stations  26  and 
27  a  low  granitic  hill  makes  its  appearance,  showing  the  andesitic  cover 
for  some  ilistance.    This  granite  is  thoroughly  altered  by  the  effects  of 
heat,  which  does  not  seem  to  have  been  quite  sufficient,  however,  to  bake 
it.    Upon  this  granite,  (a.)  the  Tertiary  beds  (d)  are  de])osited,  of  which 
mention  has  been  made  above,  covered  on  their  western  side  by  the 
rhyolitic  ash  lying  upon  the  ejistern  slope  of  station  27.     From  white  to 
yellowish  pink  and  greenish,  this  ash  presents  itself  as  an  agglomeration 
of  feldspathic  ingredients,  mixed  with  small  crystals  of  sanidite  and 
mica,  grains  of  quartz,  fragments  of  andesite,  and  of  obsidian  also  occur, 
altogether  giving  it  the  appearance  of   redeposited  material.    It  is 
quite  possible  that  it  was  deposited  there  at  a  time  when  Tertiary  waters 
were  still  in  that  little  basin,  and  that  they  owe  a  portion  or  all  of  the 
quartz-sand  they  contiiin  to  the  fact  of  having  taken  it  up  from  the 
lake-deposit.    Not  very  far  from  the  summit  of  the  hill,  the  tuff*  becomes 
more  compact,  the  fragments  it  contains  are  larger,  its  color  a  dark 
brown,  forming  a  prominent  bluff*  on  that  slope  of  the  hill.     About  25 
feet  from  the  upper  edge  of  that  bluff,  a  horizontal  dike  or  vein  of  ob- 
sidian (c)  occurs,  15  fe«t  thick,  and  extending  across  horizontally  for 
nearly  100  feet,  until  it  is  lost  under  the  fallen  debris.    At  the  point 
where  our  sketch  is  taken,  the  obsidian  shows  spheroidal  concretions, 
the  largest  one  nearly  10  feet  in  diameter,  the  center  of  it  forming  a 
solid,  round  ball,  with  the  obsidian  nearest  to  it  separating  from  the 
rest  in  concentrically  spheroid  scales.     The  obsidian  contains  small 
crystals  of  sanidite — therefore  belongs  to  the  porphyritic  variety — and  en- 
velopes numerous  small  fragments  of  the  tuff*.    A  curious  fjuit  is  that  the 
tuff  above  the  obsidian-dike  is  baked  so  thoroughly  that  it  has  become 
jaspery  in  texture,  while  that  below  remains  unchanged.    Quartz  is  con« 
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tained  in  the  shape  of  small  fragments,  which  have  been  turned  to.semi- 
opal  in  the  altered  tnfif.  The  cleavage  of  the  latter  has  become  con- 
choidal ;  it  is  hard,  resembling  jasper  or  massive  porcelain  more  than  any- 
thing else,  and  the  change  can  be  traced  as  far  as  the  obsidian.  As- 
cending to  the  summit  of  the  hill,  however,  we  again  find  andesite, 
identical  with  that  of  station  26.  From  the  point  where  it  covers  the 
Tertiary  beds  the  ash  extends  downward  to  Saguache  Creek,  and  there 
follows  along  the  base  of  the  blutt's  for  a  short  distance. 
'  On  station  20  the  andesite  shows  a  phenomenon  that  is  rait^ly  equaled, 
and  by  which  I  was  led  to  term  it  phonolfthic  andesite  in  contradistinc- 
tion to  other  rocks  of  that  group.  When  striking  the  large  bowlders,  even 
those  of  many  cubic  feet  in  size,  they  give  a  clear  ringing  sound,  closely 
resembling  that  from  a  bell.  The  Einging  Hills  at  Pottstown,  Pa.,  are 
similar. 

In  the  southern  portion  of  section  c  several  times  caves  were  found  in  the 
tuffs,  a  feature  that  seems  to  be  characteristic  to  them.  Crowning  with  a 
steeply-edged  stratum  some  sloi)ing  hill,  the  caves  had  their  entrance  at 
the  base  of  the  rocky  precipice,  and  extended  inward  sometimes  for 
considerable  distances.  In  several  instances  the  shape  of  the  entrance 
was  so  well  cut  that  the  idea  of  it-s  having  been  done  by  human  hands 
suggested  itself. 

Not  unfrequently  colummar  structure  was  seen  in  different  species  of 
the  trachorlieites,  as  well  in  the  andesite  as  in  the  tuffs,  due  most 
likely  to  particular  circumstances  by  which  the  cooling  may  have  been 
accompanied. 

Besides  this  immense  area  of  volcanic  rocks,  we  have  two  more  in 
section  c,  excepting  those  small  remnants  of  overflows  occurring  in 
Tomichi  Valley.  Extending  a  little  north,  and  about  six  miles  west  of 
station  45,  is  another  accumulation  of  these  rocks.  It  seems  to  be 
mainly  trachyte,  with  probably  some  propylite,  having  a  light-green 
paste,  white  to  yellowish  oligoclase,  and  a  greenish  hornblende.  On  the 
north  side  of  the  Gunnison  another  rock  occurs  that  belongs  to  this 
group,  covering  the  Carboniferous  of  station  38,  composed  of  a  light- 
grayish,  almost  white,  microcrystalline  paste,  containing  crystals  of 
oligoclase  and  needles  of  hornblende,  besides  a  very  small  quantity  of 
magnetite.  It  is  a  trachyte,  quite  closely  allied  to  propylite,  and  extends 
over  but  a  small  area  to  the  southeast  and  east  of  the  station.  Station 
42  is  located  on  a  trachyte  of  similar  constitution,  covering  the  Carbo- 
niferous rocks,  which  extends  north  and  northeast  into  Dr.  Peale's 
district,  where  he  has  found  it,  and  gives  a  more  definite  description  of  it. 

Dikes  occur  in  considerable  numbers  throughout  the  granitic  country, 
having  a  course  of  about  north  to  south,  and  are  composed  of  the  same 
mineral  constituents  that  characterize  them  in  the  other  sections ;  epi- 
dote  and  hornblende  mostly  replacing  mica,  while  at  other  times  mica 
predominates. 

Drift  covers  aconsiderable  area  along  the  western  side  of  the  Arkansas. 
A  belt  of  about  five  miles  in  width  runs  along  it,  keeping  parallel  in  its 
course  and  narrowing  out  toward  the  south.  This  drift  is  composed,  so 
far  as  I  have  been  able  to  learn  from  examinations  at  certain  compara- 
tively isolated  points,  of  material  that  was  brought  down  by  the  river 
mainly;  secondarily,  by  the  different  creeks  striking  the  river  from  the 
west.  Although  glacial  action  seems  to  have  had  considerable  effect  in 
transporting  drift- material  higher  up  on  the  Arkansas,  1  have  not  recog- 
nized any  such  means  of  conveyance  in  that  portion  of  our  district. 
Taking  into  account  the  shifting  of  streams  parallel  to  their  own  general 
course,  it  becomes  evident  that  the  material  deposited  immediately 
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along  the  base  of  the  range  parallel  to  the  river  mnst  have  been  depos- 
ited by  it,  and  not  by  any  other  means,  provided  lithological  identifica- 
tion of  the  drift-rocks  admits  of  no  contradiction.  This  latter  does  not 
seem  to  be  the  case,  however,  and  the  accamnlation  of  the  greater  por- 
tion of  the  redeposited  material  I  ascribe  to  the  action  of  the  Arkansas. 
A  number  of  creeks  running  out  from  deeply-cut  ra\ine8  in  the 
mountains  have  cut  in  an  almost  straight  line  through  the  drift;  a  cir- 
cumstance which  is  readily  explained  by  the  fact  that  its  resistance  was 
so  small  as  to  necessitate  no  considerable  deviation  from  a  straight 
line.  As  they  have  cut  in  deeply,  however,  forms  strongly  resembling 
moraines  have  not  infrequently  resulted,  which  might  mislead.  Oppo- 
site station  4,  the  cailon  of  the  Arkansas  narrows  and  the  drift-deposit 
disappears.  Along  Tomichi  Creek  a  considerable  quantity  of  drift  has 
accumulated,  covering  about  thirty  to  forty  square  miles,  the  material 
for  which  was  brought  from  the  neighboring  granitic  and  quartzitic  hills. 
Northwest  of  station  43  some  drift  has  accumulated  in  the  valley  of  the 
Upper  Gunnison,  part  of  which  is  due  to  the  action  of  glaciers.  In  a 
long,  narrow  line,  running  from  southeast  to  north\\est,  morainal  de- 
posits sweep  down  from  the  base  of  the  high  mountains  to  the  valley. 
Characteristic  narrow  but  level  valleys,  bordered  on  either  side  by  lat- 
eral moraines,  with  a  number  of  small  glacial  lakes,  are  found  at  the 
points  of  emanation.  Changing  their  course  slightly,  these  two  moraines 
exteud  down  into  the  valley,  leaving  at  every  favorable  locality  small 
lakes  or  swampy  places,  and  they  terminate  on  the  sides  in  moraines, 
descending  from  1,000  feet  in  height  to  200.  Reaching  the  valley,  the 
ice  melted  and  formed  a  large  lake,  at  the  place  of  which  a  swampy,  low 
country  now  is  found,  inhabited  by  hundreds  of  beavers.  In  these 
moraines  gold-washing  has  been  carried  on  formerly,  and  is  still  carried 
on  in  some  of  the  neighboring  gulches.  This  is  the  only  instance  through- 
out our  entire  district  where  I  could  really  recognize  the  action  of 
glaciers. 

Mineral  deposits  are  found  in  only  two  localities  of  section  c;  the  one 
on  Mount  Princeton,  where  a  series  of  parallel  veins  are  contained  in 
the  granite,  runningbetween  the  strata,  which  are  peculiarly  well-defined 
there.  They  are  about  12,000  feet  above  the  sea,  but  several  of  them 
have  been  worked  to  a  small  extent.  Usually  the  strike  is  from  north- 
east to  southwest,  and  the  dip  about  ISS^to  the  north,  with  slight  varia- 
tions of  either.  The  ores  contained  in  these  lodes  are  mainly  galenite, 
sphalerite,  and  small  quantities  of  fahlerz,  resulting,  when  decomposed, 
in  the  formation  of  azurite  and  malachite.  Argentite  was  found  in  a 
few  specimens.  According  to  report,  assays  that  have  been  made  are 
favorable.  In  the  valley  of  the  Upper  Gunnison,  i.  e.,  north  and  east 
of  the  entrance  of  the  canon,  the  drift  contains  gold,  which  has  been 
worked  at  intervals  for  some  years.  In  Union  gulch,  adjoining  the 
valley,  there  were  several  miners  at  work  at  the  time  of  our  visit,  appar- 
ently well  pleased  with  their  results.  Single  nuggets  of  several  dollars 
in  value  are  frequently  washed  out.  Probably  the  drift-material  of  that 
region  may  contain  paying  quantities  of  the  precious  metal,  which  some 
day  will  most  likely  be  turned  to  account  by  the  enterprising  western 
miner. 

l^cmmi  of  section  c. — In  this  section  we  have  the  greatest  variety  of 
granites  met  with  thus  far.  Besides  the  red,  middle  to  coarse-grained 
rock,  that  1  think  may  safely  be  regarded  as  the  oldest,  a  repetition  of 
the  type  found  in  the  two  proceeding  sections,  we  have  another  one, 
composing  the  Sahwatch  range,  containing  as  its  most  prominent  peak 
Mount  Princeton :  near  that  we   have  the  protogine,  i)ossibly  owing 
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its  peculiar  constitution  to  the  close  proximity  with  volcanic  rocks ;  and 
lastly,  the  eruptive  granite  of  station  38.  Throughout,  as  well  in  lithologi- 
cal  and  uiineralogical  character  as  in  the  structure  of  mountains,  the  three 
main  varieties  can  readily  be  distinguished.  In  other  countries  granites 
have  been  found,  that  are  said  to  reach  back  only  to  very  late  geological 
ages ;  here  we  have  one  the  protrusion  of  which  I  think  falls  into  a 
Post-Carl)oniferous  period.  The  evidence  aftbrded  by  the  Sangre  de 
Christo  range  of  section  b  is  corroborated  by  the  observations  made 
here.  Less  noticeable  than  in  the  two  preceding  sections  is  a  gradual 
or  sudden  rise  of  the  main  granitic  mass,  which,  if  it  has  occurred^ 
must  have  been  but  slight,  and  not  of  long  duration  or  great  power. 

An  accumulation  of  hornblendic  rocks  is  a  curious  and  interesting 
feature,  nnd  the  similarity  they  l)ear  to  alpine  and  other  euphotides, 
combined  with  the  fact  of  their  usually  reaching  very  high  altitudes, 
may  point  to  an  analogy  of  formation  and  relation  to  surrounding  rocks. 

Astonishing  is  the  mass  of  volcanic  material  that  had  accumulated 
and  found  its  |H)ints  of  outflow  in  this  section,  at  the  same  time  show- 
iug  no  very  massive  deposits  at  any  one  point,  as  might  have  been  ex- 
pected. Upon  the  origin  of  this  and  the  other  volcanic  eflluvia,  we  will 
8i)eak  in  the  *^  Conclusion.'' 


CONCLUSION. 

In  concluding  the  report  of  the  geognostic  and  geological  features  of 
the  district  assigned  to  me  for  1873,  it  may  be  of  value  to  give,  in  gen- 
eral outlines,  the  distribution  of  geological  formations  throughout  it, 
and  to  speak  briefly  of  the  correlation  existing  between  them. 

In  taking  a  bird's-eye  view  over  the  mountains  of  this  district,  it 
becomes  strikingly  evident  at  a  glance  that  two  main  systems  of 
mountain-ranges  traverse  the  country :  the  one,  geognostically  granitic, 
in  a  direction  a  little  west  of  north  and  east  of  south ;  the  other,  vol- 
canic, crossing  it  at  almost  right  angles,  having  a  course  of  about  15° 
south  of  west  and  north  of  east. 

Granite  seems  to  be  the  oldest  rock  found  there;  but  there  are  four 
distinct  varieties  of  it,  three  of  which  are  considerably  younger  than  the 
first,  the  red  to  pink  variety,  mostly  coarse-grained,  abounding,  with 
local  accumulations  of  the  one  or  other  constituent  mineral.  The  second 
type,  the  age  of  which  will  probably  bo  correctly  deflned  as  Post-Devo- 
nian, is  that  which  occurs  in  the  northeast  portion  of  section  c,  form- 
ing the  high  sharp  peaks  that  are  so  characteristic  to  the  ran{jo  west  of 
the  North  Arkansas.  While  oligoelase  is  of  exceinlingly  rare  occur- 
rence in  the  oldest  granite,  it  is  found  to  be  the  mineral  second  in  quan- 
tity only  to  orthoclase  in  this  insUmce,  imparting  an  entirely  different 
character  both  as  regards  appearance  and  weathering.  Of  probably  the 
same  age  we  find  the  i)orphyritic  protogine  of  station  45,  owing  its  ('on- 
stitution  most  likely  to  some  difterent  circumstances  experienced  while 
cooling.  Eruptive  granite  is  the  fourth  variety,  occurring  in  the  Sangre 
de  Christo  range  and  on  station  38,  of  Post-Carboniferous  age,  resem- 
bling in  its  lithological  character  more  closely  that  of  Mount  Princeton. 
Although  the  term  **  eruptive  granite  "  is  frequently  used  by  European 
writers,  this  has  not  been  done  to  any  considerable  extent  by  Ameri- 
cans; and  I  would  state  that  I  do  not  consider  it  eruptive  in  the  same 
sense  that  basalt  is  eruptive,  but  merely  wish  to  imply  by  that  term 
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tbat  the  p^ranite,  by  some  vertically-acting  force  the  origiu  and  eflPect  of 
w'hicli  cannot  be  discussed  here,  has  been  forced  upward,  may  have  not 
only  assisted  in  locally  disturbing  strata  with  which  it  was  at  one  time 
in  no  immediate  contact,  but  has  actually,  by  virtue  of  this  force,  been 
brought  into  contact  with  such  strata.  Footing  upon  the  observation 
of  facts  that  to  me  cannot  be  otherwise  explained,  I  see  no  discrepancy 
with  any  well-founded  hypothesis  that  may  be  universally  accepted  to 
regard  the  immediate  action  of  the  granitic  masses  as  implying  the 
agent  of  a  vertical  force  to  which  it  must  owe  its  elevation.  Examina- 
tions were  made  with  a  view  to  determine  the  presence  of  magnetic 
iron  in  the  specimens  of  granite  collected  in  this  district,  and  it  was 
found  that  not  one  specimen  was  without  it.  As  a  rule,  the  light-colored 
granites,  of  a  more  recent  date  than  the  red  ones,  contained  more  than 
the  latter,  a  fact  that  can  readily  be  explained  by  assuming  that  their 
younger  existence  upon  the  surface  could  not  admit  of  so  extended  an 
influence  of  atmospheric  agencies  upon  their  constitution,  while  the 
older  granite  may  probably  owe  its  decrease  in  the  percentage  of  magnetic 
iron,  and,  on  the  other  hand,  its  red  color,  to  the  action  of  these  agents. 
By  increasing  its  percentage  of  oxygen,  the  iron  compound  contained 
would  change  in  such  a  manner  as  to  impart  to  the  rock  that  color 
which  it  now  possesses.  It  remains  to  be  stated  that  there  are  two  ex- 
ceptions to  the  rule  above  given,  where  in  both  instances  magnetite  was 
contained  as  a  mineral  impregnation  in  the  red  granite,  in  the  one 
instance  even  in  crystals  of  three-fourths  of  an  inch  in  diameter. 

Of  the  Silurian  formation  we  have  some  of  the  oldest  strata,  as  indi- 
cated by  the  comparatively  unsatisfactory  paleontological  remains,  and 
from  these  upward  the  Devonian  rocks  also  seem  to  be  represented, 
although  no  strict  identification  was  possible.  The  Carboniferous  is 
well  developed,  showing  great  uniformity  in  the  groups  of  strata.  Con- 
sidering the  imperfect  evidence  derived  from  the  fossil  remains  below 
the  Arkansas  sandstone,  there  might  be  some  doubt  regarding  it^  age, 
and  the  question  could  arise  whether  it  would  not  be  more  correct  to 
assign  it  a  position  parallel  to  the  "  Old  Red ''  of  the  Devonian ;  but,  for 
reasons  based  upon  stratigraphical  evidence  and  the  total  absence  of 
fossils  that  might  decide,  this  has  not  been  done.  A  wide  gap  now  fol- 
lows, comparing  the  formations  of  this  district  with  those  analogous 
from  other  parts  of  the  world,  until  the  Mesozoic  period  is  reached. 
The  position  of  this  series  seems  to  be  as  well  established  as  possible 
with  the  very  meager  amount  of  fossils  that  has  been  found.  In  some 
of  his  earlier  expeditious,  Dr.  Hayden  has  found  Pentacrinites  in  some 
strata  that  are  recognized  as  having  their  position  above  the  so-called 
"  red  beds,''  which  would  settle  the  question,  leaving  ample  space,  how- 
ever, for  any  subdividing  of  the  group.  Well-defined  and  of  admirable 
uniformity  in  character  are  the  Cretaceous  strata,  to  which  the  five 
adopted  divisions  apply  without  discrepancy.  The  gradual  receding  of 
the  formations  belonging  to  this  group  from  the  mountain-edge,  the  still 
greater  development  of  this  feature  during  the  Post-Cretaceous  epoch, 
speak  for  the  gradual  rise  of  the  land  west  of  them  during  a  period  of 
time  that  must  be  located  in  the  close  of  the  Cretaceous.  Apparently 
a  knotty  question  arises  when  the  age  of  the  ^^Lignitic"  beds  is  consid- 
ered ;  but  undoubtedly  future  investigations,  not  merely  of  the  paleon- 
tological remains,  but  of  the  geognostic  relations  they  bear  to  over-  and 
underlying  formations,  will  tend  to  clear  up  any  lingering  doubts.  Those 
found  in  our  district  seem  (speaking  with  all  the  reserve  that  a  mere  su- 
perficial examination  demands)  to  be  of  an  age  which  can  paleoutologi- 
cally  be  referred  neither  to  the  Cretaceous  nor  to  the  Tertiary,  analogous 
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perhaps  in  character  to  the  Wealden  formation  of  Europe,  that  is  placed 
betweou  the  Jurassic  and  Cretaceous.  Views  of  ihe  present  day  regard- 
ing "formation"  and  ''age  "  are  merely  conventional,  and  it  is  more  than 
probable  that  by  the  time  a  little  more  of  the  remaining  four  filths  of 
the  land  ou  the  surface  of  the  earth  are  explored  geognostieally  and 
geologically,  they  will  be  compelled  to  undergo  considerable  modifica- 
tion. 

Tertiary,  Diluvial,  and  Alluvial  deposits  are  foand  under  such  condi- 
tions as  would  be  favorable  to  their  formation.  In  consequence  of 
the  rise  of  the  main  body  of  land,  the  maiine  Tertiary  was  forced  to 
retreat  farther  toward  those  portions  that  were  still  submergetl,  and  no 
strata  were  found  that  could  be  referred  to  this  epoch  unless  of  a  local 
fresh-water  character.  Drift,  belonging  both  to  Diluvial  and  Alluvial 
ages,  is  abundant.  Alluvial  deposits,  as  everywhere,  owe  their  charac- 
ter to  the  rock  to  which  they  owe  their  existence,  and  the  old  principle 
of  "  same  cause,  same  effect  '^  is  clearlj'  discernible. 

Glacial  phenomena,  that  seem  to  be  more  abundant  farther  north,  were 
recognized  in  but  one  locality,  and  there  they  were  not  of  any  consid- 
erable extent. 

By  far  more  varied,  and  of  deep  interest,  are  the  volcanic  eruptive 
rocks,  so  widely  distributed  throughout  the  district.  Kichthofen's 
excellent  classification,  comprehensive  and  yet  concise,  finds  a  new 
support  in  the  twenty-three  hundred  sqnai^  miles  of  trachorheitic 
matenal  contained  in  our  district.  Throughout,  the  given  character  of 
andesite,  trachyte,  and  rhyolite  could  be  relied  upon  as  soon  as  the  posi- 
tion of  andesitic  tuffs  was  properly  recognized  ;  and  although  the  dif- 
ferent conditions  undoubtedly  influencing  the  cooling  of  the  masses  at 
different  points  produced  almost  innumerable  varieties,  even  within 
limited  areas,  his  appreciati(m  of  identity  and  correlation  was  not  im- 
l)aired.  A  question  of  great  importance  arises  during  the  contempla- 
tion of  the  immense  quantities  of  this  material ;  it  is  the  one  touching 
their  origin.  Without  entering  upon  the  various  hypotheses  that  have 
been  advanced  upon  this  point,  with  a  semblance  of  more  or  less  prob- 
abiUty,  1  will  make  a  few  suggestions  that  have  occurred  to  me  as  the 
necessary  consequence  of  the  observation  of  facts. 

As  stated  above,  it  was  impossible  to  find  even  a  single  one  of  the 
specimens  of  granite  free  from  magnetic  iron,  although  more  was  found 
in  the  younger  ones  than  in  those  preceding  them  in  age.  The  same 
examinations  can'ied  on  with  a  considerable  number  of  trachorheites 
from  different  localities  give  the  invariable  result  that  andesite  con- 
tains a  large  (comparatively  speaking)  percentage  of  this  mineral ; 
trachyte  less ;  rhyolite  still  less ;  the  tuffs  of  these  species  giving  results 
in  accordance  with  those  shown  bv  the  roi^k  to  which  thev  belong.  The 
rising  percentage  of  silica  as  they  are  higher — ^jounger  in  the  scale — 
until  rhyolite  contains  free  silica;  their  approximate  uniformity  in 
chemical  composition  throughout  the  world,  which  points  to  an  origin 
from  similarly  constituted  material;  and  their  almost  unexceptional 
occurrence  in  granitic  countries,  besides  the  great  similarity  of  percent- 
age which  their  constituents  show,  upon  analysis,  with  the  constitu- 
ents of  granite,  seem  to  lead  to  the  conclusion  that  they  may  owe  their 
origin  to  a  remelting  of  granite.  More  careful  and  specific  examina- 
tions are  required,  however,  to  prove  this  hypothesis.  With  a  view 
to  so  doing,  I  have  undertaken  investigations  into  the  questions  in- 
volved herein,  and  shall  therefore  do  no  more  than  suggest  the  idea 
until  results  obtained  justify  a  more  complete  and  comprehensive  as- 
sertion. 
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A  few  words  may  also  be  said  regarding  the  distribution  of  the  geo- 
logical formations  over  the  entire  district. 

Granite  ibrms  all  the  higher  portions  of  the  eastern  edge  of  the  Front 
range ;  but  on  the  northern  side  of  the  Arkansas  it  is  covered  largely  by 
trachorheites,  and,  to  some  extent,  by  sedimentary  formations.  Con- 
tinuing its  course  westward,  it  forms  the  main  mass  of  mountains  in  the 
north,  whereas  the  entire  southwestern  portion  is  volcanic.  The  sediment- 
ary beds  of  Silurian  and  Carboniferous  age  traverse  the  central  portion 
of  the  districts  in  a  narrow  band  in  a  southeasterly  direction,  the 
former  edging  the  latter  in  the  northern  portion,  disappearing  in  the 
south.  Again,  they  reach  into  the  northwest  corner  of  the  district 
coming  from  the  north,  and  covering  about  one  hundred  and  fifty 
square  miles.  Mesozoic  and  Tertiary  beds  are  found  only  along  the 
eastern  edge  of  the  Front  range,  with  the  exception  of  one  or  two 
isolated  patches  of  small  extent.  The  Cretaceous  occurs  all  along  that 
same  edge,  extending  into  the  mountains  in  a  few  bays  of  ten  to  twelve 
miles  in  length,  and  is  found  in  the  western  portion  of  the  district,  a 
continuation  of  the  formation  farther  north. 

Volcanic  rocks  cover  the  granite  partially  in  the  eastern  and  northern 
half  of  the  district,  forming  the  high  plateaus,  while  the  granite  appears 
in  the  eroded  canons.  A  few  isolated  patches  are  scattered  throughout 
the  granites,  one  of  them  extending  in  a  very  narrow  line  parallel  to 
the  Sangre  de  Christo  range.  The  largest  portion  is  that  forming  the 
southwestern  comer  of  the  district,  which  probably  extends  consider- 
ably beyond  it  both  west  and  south. 

Dritt  covers  San  Luis  Valley,  the  upper  valley  of  the  Ail^ansas,  and 
Wet  Mountain  Valle.v,  besides  small  portions  on  the  Tomichi,  at  Union 
Park,  and  on  Taylor  Eiver  Valley. 

The  mineral  resources  of  this  district  are  confined  to  gold,  silver, 
iron,  coal,  and  marble,  of  which  mention  has  been  made  in  speaking  ot 
the  several  sections  in  which  they  occur. 
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MIXERALOGICAL  iNOTES  AND  A  CATALOGUE  OF  THE  MLS- 

EBALS  OF  COLORADO  TERRITORY. 

MINERALOGICAL  NOTES. 

One  of  the  most  interewting  regions  in  Colorado,  from  a  mineralogical 
point  of  view,  is  undoubtedly  the  vicinity  of  Gold  Hill,  of  which  Mr. 
]\Iarvine  ti'eats  in  his  report,  as  it  is  located  within  his  district. 

There  a  numl>er  of  dikes  of  porphyry-  have  found  their  way  out  through 
the  granite,  and,  contact  between  the  two,  a  number  of  lodes  have  been 
found,  several  of  which  have  attained  considerable  celebrity.  The  Red 
Cloud  and  Cold  Spring  are  located  on  the  two  sides  of  a  porphyry-dike 
50  feet  in  thickness,  striking  <about  northeast  to  southwest,  and  from 
them  principally  the  rare  and  valuable  tellurids,  sought  for  by  mineral- 
ogists, have  chiefly  been  obtained.  Prof.  F.  L.  Schirmer,  of  Denver, 
had  the  kindness  to  supply  me  with  a  number  of  specimens  from  the 
Red  Cloud  mine,  which  I  have  examined,  and  herewith  give  a  report 
upon.  Before  speaking  more  particularly  of  the  tellurids,  a  few  words 
may  be  said  explanatory  of  the  circumstances  under  which  they  are  asso- 
ciated with  other  minerals  at  the  mines  of  that  locality. 

Composing  the  dike  between  the  Red  Cloud  and  Cold  Spring,  we  find 
a  porphyry  of  dark-grayish  to  purplish  color,  containing  numerous  small 
crystals  of  two  varieties  of  feldspar  in  its  cry])tocrystalJine,  compact 
pa^te.  While  forming  the  hanging- wall  of  the  Red  Cloud,  it  is  the  foot- 
wall  of  the  vein  opposite.  Fragments  of  this  porphyry,  mixed  with  par- 
ticles and  streaks  of  quartz  and  feldspar,  together  with  small  flakes  of 
talc,  make  up  the  ganguerock  of  the  Red  Cloud,  collecting  in  small 
Ciivities,  crystallizing  in  cubes  combined  with  the  pentagonal  dodeca- 
hedron. Pyrite  occurs  throughout  the  vein,  also  forming  at  times  nar- 
row St  leaks,  but  invariably  with  a  strong  tendency  to  crystallize.  At 
some  i)oiuts  the  porphyry  too  is  thoroughly  impregnated  with  this  min- 
eral. Gaicnite  occurs  sparingly  in  cubical  crystals;  also  sphalerite  in 
narrow  seams.  Quartz-crystals,  coated  by  ferric  oxide,  are  found  in  the 
small  cavities  occurring  with  them,  both  of  more  recent  origin  than  the 
sulphurets.  Compounds  of  silver,  copper,  selenium,  &c.,  with  sulphur, 
seem  to  be  wanting  entirely  ;  instead,  however,  we  have  the  unusually 
rich  occurrence  of  tellurets,  of  which  we  shall  speak  presently. 

To  the  west  of  the  Red  Cloud  is  the  Cold  Spring,  the  ores  of  which 
show  no  variation,  however,  while  the  same  granite  and  the  same  jkOT- 
phyry  form  its  walls. 

East  of  the  Red  Cloud,  striking  almost  due  east  and  west,  is  the  Wi- 
nona, located  between  two  walls  of  gneiss.  In  this  lo<le  the  gangue- 
rock is  mainly  quartzitic,  containing  small  portions  of  decomposing 
feldspar  and  of  talc.  Chalcopyrite  and  pyrite  form  the  main  ore,  occur- 
ring in  streaks  and  thin  threads  partly,  partly  disseminated  in  crystals 
of  cubical  and  dodecahedral  form  throughout  the  gangue. 
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Some  distance  to  the  southwest  of  the  Eed  Cloud  we  find  the  Central, 
Seven-Thirty,  and  Americus,  located  contact  to  a  long  dike  of  porphyry 
and  the  surrounding  granite.  .In  a  light-gray  microcrystalliue  paste  we 
find  embedded  numerous  small  crystals  of  black  mica,  crystals  of  a  prob- 
ably triclinic  feldspar,  and  small,  irregular  particles  of  white  quartz. 

Of  all  the  veins  located  on  this  dike,  the  main  one  is  chalcopyrite  and 
pyrite,  with  the  usual  accessories;  sphalerite  and  galenite  oex^urring 
rarely.  In  none  of  the  specimens  that  reached  me  could  I  find  any  tei- 
lurets,  although  their  analogous  mode  of  occurrence  might  lead  to  some 
expectation  of  their  presence. 

In  various  parts  of  the  world,  compounds  of  tellurium  with  other 
metals  have  been  found,  so  that  the  first  attempt  at  recognizing  analo- 
gous minerals  from  the  Gold  Hill  region  was  to  identify  them  with  those 
already  described.  It  seems  to  me  that  the  tellurets  of  the  region  under 
consideration  show  a  greater  variety  of  composition  than  those  of  other 
localities.  For  entering  into  combination  with  other  elements,  the  facil- 
ities must  have  been  great ;  we  have  one  compound,  that  of  tellurium 
and  iron,  which,  although  not  occun-ing  pure,  enters  into  the  formula 
of  the  mineral.  During  the  coming  field-season,  I  expect  to  obtain  a 
satisfactory  supply  of  material,  in  order  to  give  a  complete  synopsis  of 
the  mineral-occurrences  of  the  Gold  Hill  locality. 

Two  minerals  were  found,  occurring  both  at  the  Red  Cloud  and  Cold 
Spring  lodes,  that  could  not  strictly  be  parallelized  with  any  known 
species,  and  I  have  reserved  the  right  of  distinguishing  them  by  a  sepa- 
rate name,  if  subsequent  examinations  of  more  abundant  and  purer 
material  will  warrant  it. 

No.  1. 

Isometric,  imperfect  crystals  observed.  Cleavage  cubical,  good. 
Mostly  found  m  thin  threads,  or  in  small,  irregular,  foliated  masses. 

Hardness,  2  to 2.5.  Specific  gravity,  8.5253.  Luster  metallic,  splendent. 
Color  bright  silver-gray  to  steelgi'ay  ;  pale  bright-yellow  when  exposed 
to  atmospheric  influences  a  short  time.  Streak  metallic,  gray  to  silvery. 
Opaque ;  brittle ;  partly  malleable  and  sectile. 

On  account  of  the  small  quantities  that  could  be  spared  for  analysis, 
the  tellurium  was  not  determined  but  calculated ;  the  result  of  careful 
qualitative  examinations  having  revealed  no  trace  of  any  other  elements 
than  those  found  an<l  given  below. 

By  analysis  the  following  constituents  were  obtained: 

Pb,     Fe,    Ag,     An,    Te  by  diff., 
53.19    5.05    0.31    trace        41.45       =100.00 

Calculating  the  simple  tellurets  fot  each  one  of  these  constituents^ 
we  find  there  are  required  for — 

53.10  Pb,      5.05  Fe,      0.31  Ag, 

32.00  11.55  0.19  =  44.G4  tellurium. 

It  is  probable  that  slight  replacements  may  account  for  the  smaller 
quantity  of  tellurium  found. 
The  percentage  of  constituents  found  leads  to  the  formula — 

3  Pb  Te  +  Fe  Te 

a  very  minute  portion  of  lead  having  been  replaced  by  silver.    During 
the  examination,  great  pains  were  taken  to  procure  the  mineral  as  pure  as 

23  G  s 
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possible,  and  only  such  fnif^ments  tliat  showed  a  distinct  cleavage  on 
all  sides  were  snbjecteil  to  the  tests.  Pyrite  almost  inviirial)ly  is  found 
associated  with  this  mineral,  and  the  idea  sng^ested  itself  that  the  iron 
niifi:ht  be  accounted  lor  in  that  way.  Several  trials  were  made,  therefore^ 
without  givinjr  any  sulphur  liowev^er.  It  may  be  stated  here  that  all 
the  examinations  were  nnule  ot  pieces  obtained  from  one  specimen. 

This  mineral  has  in  its  physical  characters  some  resemblance  to  the 
AUaitej  which,  however,  contains  no  iron  and  about  (>0  per  cent,  of  lead. 

In  the  open  tube,  the  assay  gives  oil'  white  fumes  of  tellurous  acid, 
condensing  into  colorless  drops  upon  being  heated  to  a  high  degree. 

Before  the  blow-pipe  on  charcoal,  with  the  oxygenllame,  the  coal  is 
coated  with  a  white  layer  some  distance  from  the  assay,  highly  volatile, 
and  near  it  a  grayish-silvery  coating  is  formed,  consisting  of  the  vol- 
atilized and  recondtMised  mineral.  After  treating  the  assay  on  charcoal 
a  little  while,  it  becomes  slightly  magnetic,  melts  readily,  and  volatilizes 
at  a  comparatively  low  temperature. 

When  gently  warmed  with  concentrated  sulphuric  acid,  not  heated  to 
boiling,  the  tellurium  contained  in  this  mineral  imparts  to  the  acid  a 
cherry  red  color,  more  or  less  intense.  Nitric  acid  affects  it  5  nitro-muri- 
atic  dissolves  it.  The  solution  obtained  is  yellow,  owing  its  color  to  the 
presence  of  iron. 

This  species  occurs  both  at  the  Red  Cloud  and  Cold  Spring  mines. 
If  subsequent  investigations,  with  a  more  ample  supply  of  good  material, 
confirm  the  result  of  the  above  examinations,  1  shall  propose  to  dis- 
tinguish this  mineral  from  other  t«41urets  of  lead  by  the  name  of 
Henryite,  dedicated  to  Prof.  Joseph  Henry,  director  of  the  Smithsonian 
Institution. 

N^.  2. 

Probably  orthorhombic,  (no  crystals  were  found  from  which  the 
crystalline  form  could  be  deduced  beyond  a  doubt;)  occurring  nu)stly  in 
thin  threads  and  foliated  masses.  Cleavage  ])erlect ;  hardness,  1  to  1.5; 
luster  metallic,  sph^ndent ;  streak  submetallicr,  dark-gray  to  black ;  color 
between  bright  lead-gray  and  steel-blue;  opa(iue;  jjartly  malleable  and 
sectile ;  llexible  when  broken  into  thin  scales. 

In  consecjuence  of  being  obliged  to  work  with  very  small  quantities, 
it  was  irnposMble  to  make  more  than  a  partial  quantitative  examination, 
whi<!h,  however,  combined  with  the  qualitative,  appears  to  distinguish 
this  mineral  Irom  any  known  species : 

An,  Ag, 

18.82  28.00  i)er  cent. 

while  the  qualitative  analysis  revealed  yet  tellurium,  iron,  and  lead;  of 
the  latter  merely  a  trace,  however.  An  approximate  deteiiniuation  of 
the  iron  leads  me  to  infer  that  the  formula  will  be — 

3  Ag  Te  +  (Au  Pe)  Te 

In  this  mineral,  the  percental  ratio  of  Au  to  Ag  is  2:  3,  while  in  the 
mineral  nearest  rehited  to  it,  in  the  Petzite, it  is  5:8;  and  while  Petzite 
contains  on  an  average  25  per  cent,  of  gold  and  40  of  silver,  these 
ligures  are  not  so  high  in  our  mineral. 

In  the  open  tube  it  gives  off  tellurous  acid,  acting  like  No.  1.    Before 

the  blow-pipe  in  theoxygen-tlame,  it  coats  the  charcoal  white,  giving  in  the 
reduction  llame  an  impure  globule  of  gold  and  silver.  After  being  heated 
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a  sbort  time,  the  assay  becomes  highly  magnetic,  iii(li(^ating  the  presence 
of  a  considerable  quantity  of  iron.  Nitro-muriatic  acid  decomposes  the 
mineral. 

Subject  to  the  same  conditions  as  No.  1, 1  shall,  if  the  results  are 
subsequently  verified,  i)ropose  for  this  mineral  the  name  of  Schirmeritej 
dedicated  to  Prof.  J.  F.  L.  Schirmer,  of  Denver,  who  kindly  supplied 
me  with  specimens  from  his  rich  store. 

NATIVE  TELLURIUM. 

Hexagonal ;  occurring  massive  and  in  small  crystals ;  laleral  cleavage, 
perfect ;  form,  columnar  masses  in  the  accompanying  white  quartz. 

Hardness,  2  to  2.5;  specific  gravity,  5.802,  which  is  lower  than  that 
given  for  tellurium,  G.l  to  0.3;  but  may  be  explained  by  the  fact  that 
the  metal  and  quartz  could  be  separated  but  imperfectly.  Structure, 
lamellar;  color,  tin- white  to  light  steel-gray ;  luster,  splendent ;  streak, 
submetallic,  light  gray  to  gray.' 

In  the  open  tube  it  gives  oii*  white  fumes  of  tell uroas  acid  and  a  strong 
selenium  odor.  Before  the  blow-pipe,  on  charcoal,  melts  readily,  coat- 
ing the  latter  white  in  the  oxygen-flame ;  black  or  very  dark-gray  in  the 
red  flame.  Treating  for  some  time  with  the  red  flame  on  charcoal  and 
moistening  the  black  coating  with  concentrated  sulphuric  acid,  the 
coating  will  turn  a  bright  carmine  upon  warming  gently.  Held  into  a 
steady  oxygen-flame  it  colors  it  blue,  with  the  edges  tinged  bright  green. 
Bismuth  produces  a  slight  yellowish  tinge  on  charcoal  near  the  assay.  In 
the  closed  tube  the  characteristic  red  deposit  occasioned  by  selenium 
is  found. 

As  stated  above,  this  tellurium  is  intimately  associated  with  quartz, 
which  composes  52  per  cent,  of  the  entire  mass.  An  analysis,  in  which 
the  constituents  other  than  tellurium  were  determined  approximately, 
gave  the  following  result : 

Te,        Se,  Fe,  Bi,         Au,        Ag. 
90.85,    approximate,     trace,     trace. 

Having  obtained  more  material,  a  full  analysis  will  be  given.  It  is  not 
so  pure  as  the  tellurium  from  Transylvania,  which  yielded  from  1)2  to  97 
per  cent,  of  the  metal. 

CATALOGUE  OF  THE  MINERALS  OF  COLORADO  TERRITORY. 

The  following  is  a  list  of  the  minerals  found  in  the  Territory  of  Col- 
orado, given  as  completely  as  possible  up  to  date.  In  compiling  it,  the 
observations  of  Professor  Schirmer,  from  Denver,  Mr.  J.  A.  Smith,  ter- 
ritorial geologist,  Mr.  von  Schulz,  E.  M.,  Mr.  PcUts,  E.  M.,  Mr.  Frazer, 
E.  M.,  Dr.  A.  0.  Peale,  Mr.  Marvin,  and  myself  have  been  used.  The 
single  initial  after  the  enumeration  of  each  locality  or  series  of  localities 
gives  the  name  of  one  of  the  above-mentioned  gentlemen  by  whom  the 
mineral  was  collected  or  observed  at  that  locality.  Mr.  Smith's  Cata- 
logue of  the  Principal  Minerals  of  Colorado  afforded  much  valuable  in- 
formation. The  comparatively  meager  representation  of  mineral  species 
in  a  country  so  richly  endowed  with  mining-lands  as  Colorado  is  is  per- 
ceptible at  a  glance.  Very  little  definite  and  applicable  knowledge  has 
thus  far  been  gained  relative  to  the  distribution  of  minerals  and  ores 
throughout  the  world,  and  every  catalogue,  however  small,  if  only  ac- 
curate, adds  its  share  to  the  further  development  of  that  knowledge. 
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AcTDfOLiTE. — In  radiated  form,  of  light-green  color,  on  station  2,  B. 
On  BiilTalo  and  Sopris  Peaks,  P.  Bergen's  ranch  and  North  Boulder 
Creek,  S. 

Agate. — Cloudy,  of  white  and  gray  color  in  the  trachytic  formations  of 
station  27,  in  various  forms  at  the  Los  Pinos  agency,  E.  In  S<mth 
Park,  in  the  Arkansas  Valley,  and  on  the  Frying  Pan  in  varieties,  P. 
Throughout  Middle  Park,  M. 

Alabandite. — At  QnartzAille,  Peters. 

Alabaster. — Mount  Vernon,  9. 

Allophanite. — Frankline  mine,  inGilson  Gulch;  Fowler  and  Wells's 
tunnel,  Sugar  Loaf  district,  S. 

x\LUMiNiTE. — Mount  Vernon,  S. 

Alum. — Mount  Vernon,  S. 

Amazon  stone,  (Adularia.) — Elk  Creek,  S. 

Amethyst. — At  Nevada  and  other  neighboring  localities,  8.  On  Rock 
Creek,  P. 

Amlvnthite. — North  Boulder  Creek,  E. 

A3ipniBOLE. — Buffalo  Peak,  P.  Montgomery,  Peters. 

Anglesite. — Freeland  mine  on  Trail  Creek,  S.  In  crystals  at  the  Horse- 
shoe lead-mine,  in  South  Park,  Peters. 

Anhydrite.— On  Elk  Creek,  F.  Crystallized  at  the  salt-works  in  Soath 
Park,  Peters. 

Anthophyllite. — North  Boulder  Creek,  S. 

Apatite. — At  Fairplay,  Peters. 

Apophyllite. — Station  22,  E. 

Aragonite. — Occurring  in  the  form  usually  termed  flos  ferriy  very 
beautifully  in  Marshal's  tunnel,  Georgetown,  E.    Golden,  S. 

Akgentite. — Colorado  Central  Mine,  Terrible,  and  other  mines  at 
Georgetown ;  in  the  No  Name,  Caribou,  and  others  at  Caribou ;  in 
some  mines  near  Nevada ;  in  the  Senator  lode  of  the  Hardscrabble 
mining-district;  it  occurs  mostly  in  small  quantities,  imbedded  either 
in  quartz  or  in  the  predominating  ore;  when  decomi>osed,  native  sil- 
ver is  the  result,  E.  At  the  Silver  Star,  Moore,  and  other  mines  near 
Fairplay,  Peters. 

Arsenophyrite. — Priest  Mine,  Fairplay,  Peters. 

Asbestus. — Occurs  in  small  quantities,  partly  radiated,  near  Cariboa,  E. 

AVENTURINE  FELDSPAR. — On  Elk  Creek,  S. 

AzuRiTE. — In  rhe  No  Name,  together  with  malachite,  the  result  of  de- 
composition of  fahlerz,  Caribou  ;  in  the  llosita  mines  in  llardscrabble, 
E.  On  Trail  Creek,  S.  On  Crater  Mountain,  in  the  mines  around 
Fairplay,  and  in  the  mines  of  Elk  Mountain  district,  P. 

BiSMUTniTE. — In  the  Las  Animas  mine,  pseudo  morphous  after — 

BiSMUTiTE. — From  the  Las  Animas  mine,  Sch. 

Barite. — In  yellow  tabular  crystals,  clear  in  the  Tenth  Legion  mine  of 
Empire,  in  the  Terrible  mine  near  station  17,  and  on  station  40 ;  near 
Canyon  City  transparent  crystals  occur  in  the  arenaceous  formations 
of  that  locality,  E.  In  Gilson  Gulch,  Georgetown,  S.  Crystals  occur 
in  the  limestones  around  Fairplay,  P. 

Basanite. — East  of  the  salt- works  in  South  Park,  P. 

Beryl. — On  Bear  Creek,  Tiflfanny's  ranch,  S. 

BiOTiTE. — On  Buffalo  Peak  and  station  G4,  P. 

Bituminous  coal. — At  several  localities  along  the  Border  range,  at 
Pueblo  and  Canyon,  E.    On  Trout  Creek  Pass,  P. 

Brucite. — On  James  Creek,  F. 

Oalgite. — In  small  crystals,  scaleuohedra,  at  the  Monte  Cbristo  Cen- 
tral ;  on  station  35,  camp  32,  E.    At  Mount  Vernon,  Bergen's  ranch. 
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S.  Bhombohedral  crystals  on  Cheyenne  Mountain ;  in  the  limestones 
of  South  Park;  scalenohedra  in  Elk  Mountain  district;  fibrous  in 
Trout  Creek  Park ;  on  Fryiug-Pan  Creek,  P. 

Caledonite. — Freeland  mine,  Trail  Creek,  S. 

Caolinite. — Camp  42,  E. 

Cabnallite.— Saltworks,  South  Park,  Peters. 

Carnelian. — Middle  and  South  Parks,  M.    Los  Pinos  agency,  E. 

Cerargyrite. — Gilpin  County  lode,  Black  Hawk,  S.  Small,  compact 
quantities  in  the  Wade  Hampton  mine,  Peters. 

Cerrussite. — J.  P.  Whitney  mine,  in  very  small  crystals;  Central; 
No  Name,  Caribou;  Caribou  mine;  Silver  Hills  mines  and  Kosita 
niiuesin  the  Hardserabble  district,  E.  Freeland  mine,  Trail  Creek,  S. 
In  the  Horseshoe  mine  it  occurs  earthy,  and  is  found  throughout  the 
mines  of  Elk  Mountain  district,  P. 

Chalcedony. — On  station  27;  at  the  Los  Pinos  agency,  E.  Middle 
and  South  Parks,  M.  and  P.  Buflalo  Park ;  Fair  Play ;  Frying  Pan  ; 
Trout  Creek,  &c.,  P. 

Chalcanthite. — On  Clear  Creek  below  Black  Hawk,  in  a  deposit,  and 
on  several  dumps  near  Central,  E. 

Chalcocite. — Bergen  district,  near  Idaho  City,  F.  Liberty  lode, 
Bear  Creek,  S. 

Chalcopyrite. — Auriferous  in  the  Bobtail,  Winnebago,  Dallas,  Gun- 
nell,  Kunniug,  Kansas,  California,  and  other  mines  at  and  near  Cen- 
tral ;  mostly  occurring  compact,  and  frequently  very  intimately  inter- 
mixed with  pyrite.  It  occurs  in  every  paying  goldmine  in  Gilpin 
County,  and  the  miners  seem  to  think  a  great  part  of  the  " pay"  de- 
pendent ui)on  its  presence.  It  also  occurs  in  the  Terrible,  Pelican, 
Cold  Stream,  and  other  mines  of  Georgetown,  as  well  as  in  those  of 
Caribou  and  Hardserabble,  E.  In  the  gold  and  silver  mines  of  Fair 
Play  and  the  Elk  Mountain  District,  P. 

Chlorite.— On  station  45,  E.   On  Trail  Creek,  S.    On  Sopris  Peak,  P. 

CuLOROPUANiTE. — Bergen  district,  S. 

CnROMiTE. — Massive ;  Silver  Hills  and  Fair  Play,  Peters. 

Chrysocolla. — ^Champion  lode.  Trail  Creek,  S. 

Chrysoprase.— Rare,  in  Middle  Park,  S. 

Coal. —  Vid^  Bituminous  coal. 

Copper. — Native ;  arborescent  in  the  Gregory  lode.  Central,  E. 

COPPERASITB. — On  the  dumps  of  the  Wood  Lode  and  Nevada,  E. 

Cuprite. — In  crystals,  from  Sacramento  Gulch  and  from  tbe  Sweet 
Home  mine,  Peters. 

Dolomite.— From  the  Four-Mile  Creek,  P. 

Embolite.— Peru  district,  Snake  River,  F. 

Epidote. — In  crystals  together  with  garnet  on  Gunnel!  Hill,  Central ; 
in  crystals,  small,  on  stations  17,  43,  46,  50,  and  77.  A  large  number 
of  the  hornblende-dikes  traversing  the  country  contain  epidote,  either 
massive  or  in  small  crystals,  E.  On  the  summit  of  Mount  Bros,  Lake 
Creek  Canon,  Grand  Mountain,  Elk  Mountain  Bidge,  and  all  through 
the  foot-hills,  P.    On  Trail  Creek,  S. 

Fahlerz. — Terrible,  Colorado  Central,  Pelican,  and  other  mines  of 
Georgetown ;  No  name,  Caribou,  and  others  at  Caribou ;  station  46,  E. 
For  particulars  see  chapter  1. 

Feldspar. — Occurs  in  the  ganguerock  of  a  large  number  of  mines  near 
Central  and  Georgetown  ;  crystals  showing  the  Carlsbad  twin-system 
are  found  in  Gregory  Hill,  Central,  in  the  porphyry,  at  station  46, 
at  Rosita,  E.  Twins  are  also  found  in  the  porphyries  of  Gold  Hill, 
M.,  on  Elk  Greek ;  and  at  Idaho,  S.    Compare  Orthoglase. 
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Fire-clay. — Golden,  Ralston,  Boulder,  &c.,  S. 

Floatstone. — Mammoth  lode,  Central,  S. 

Flos  ferri. — Vide  Aragonite. 

Fluorite. — Terrible  mine,  Georgetown,  in  lig^ht-green  cubes ;  in  small 
crystals  and  massive,  of  violet  color,  on  Mount  McClellan  and  Gray*s 
Peak,  E.  On  Bear  Creek,  S. ;  massive,  pink  and  violet  in  the  Sweet 
Home  mine,  Peters. 

Galenite. — In  narrow  seams,  fine-ji^ained,  Winnebago ;  feathery  in  the 
Dallas  mine ;  coarse-grained  in  the  J.  P.  Whitney,  Running,  Monte 
Christo,  Forks,  and  other  mines  of  Gili)in  County.  In  the  Colorado 
Central,  Equator,  Star,  Pelican,  Terrible,  and  others  it  occurs  in  large 
quantities.  The  Cold  Stream  shows  beautiful  crystals,  combination 
of  cube  and  octahedron,  with  rarely  the  rhombic  dodecahedron.  The 
International,  at  an  elevation  of  al)out  12,800  feet,  has  a  heavy  vein 
of  galenite.  The  No  Name,  Caribou,  Fourth  of  July,  and  other  mines 
in  Boulder  County  contain  the  mineral.  The  Silver  Hill  mines  (fine- 
grained) and  the  Ilositu  mines  in  Hardscrabble  district.  On  statiou 
46,  B.  Hamilton,  the  mines  around  Fairplay  show  crystals ;  the  mines 
of  Elk  Mountain  district,  the  head  of  Iowa  and  of  Empire  Gulch 
contain  galenite.  In  small  scattering  quantities  it  is  found  almost 
throughout  the  country,  P. 

Garnets. — Crystallized  in  rhombic  dodecahedra  and  sometimes  ikosi- 
tetrahedra ;  found  together  with  epidote  in  the  dike  on  Gunnell  Hill. 
Closely  resemble  the  garnets  from  Auerbach,  in  Germany.  In  mica- 
schist  at  camp  14  and  at  station  22,  E.  On  Trail  Creek,  Bergen,  &c., 
S.    Montgomery,  Peters. 

Gold. — Native  gold  in  very  small  and  indistinct  crystals  in  the  Bob- 
tail, Gunnell,  Quartz  Hill,  near  Central,  E.  Tarryall  Creek,  Placer 
Diggings,  near  Fairplay,  in  imperfect  crystals  and  lamiujB ;  in  Wash- 
ington and  California  Gulches,  in  the  Placers  of  Union  Park,  and 
numerous  other  localities,  P.  Occurring  as  the  result  of  decomposi- 
tion of  the  tellurids  at  Gold  Hills,  M.  Lately  discovered  native  in 
large  quantities,  though  very  minutely  distributed,  in  the  quartz- 
ledges  of  the  San  Juan  mining-district. 

Goslarite. — On  the  dumps  of  the  Wood  lode,  Leavenworth  Gulch, 
near  Central,  B. 

Graphite. — Trinidad  mine,  Las  Animas  County,  Sch. 

Greenockite. — On  sphalerite  of  the  Dallas  mine.  Black  Hawk,  E, 

Gypsum. — Is  distributed  very  widely  throughout  the  Cretaceous  forma- 
tion of  Colorado.  Good  crystals  are  rare.  Selenite  is  the  usual  form 
of  its  occurrence,  frequently  being  found  in  twins. 

Halite. — Salt-works  of  South  Park,  along  some  parts  of  the  Platte 
Eiver  in  si)rings,  P.  Found  as  salt-licks  in  various  parts  of  the  Ter- 
ritory. 

Hematite. — Specular,  on  Procer  Hill,  Central,  E.  Head  of  Bear  Greek ; 
fibrous  and  specular  in  Philipps  mine.  Silver  Hills  ;  in  the  mines  of 
Elk  Mountain  district ;  micaceous  on  station  65 ;  on  Sopris  Peak,  P. 

Uenryite,  n.  up, — Red  Cloud  mine,  Gold  Hill,  Sch.  and  M.  Cold  Spring 
mine,  M. 

HiTCUCOCKiTE. — On  copper  minerals  of  the  Dallas  mine,  Black  Hawk, 
E. 

Hornblende. — Occurs  in  numerous  localities  in  the  dikes,  so  that  it 
would  be  useless  to  enumerate  them.  Good  crystals  none  were  found. 
Eadiated  on  station  43,  E. 

Hyalite. — On  stations  33  and  34  in  trachyte,  E.  At  the  Hot  Sulphur 
Springs  of  Middle  Park,  S. 
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Idocrase.—  VUle  Vesuvianite. 

Iron. — Native,  in  tbe  Colorado  meteorite  found  in  1866,  S. 

Jamesonite. — Sweet  Home  mine,  Peters.    Sau  Juan,  Sch. 

Jasper. — Crreen  and  red,  station  33;  yellow,  red,  brown,  ^ay,  Los 
Finos  Agency,  B.     Throughout  Middle  and.  South  Parks,  M.  and  P. 

Labradorite.— Near  Golden  in  the  dolerites,  E.  Near  Fairplay  in  the 
trap-rock,  P. 

Lead. — Native,  in  Hall  Gulch,  Summit  County,  Sch.  At  Breekenridge, 
S.  An  announcement  of  native  lead  must  always  be  received  witli 
the  necessary  caution.  The  specimen  owned  by  Professor  Schirmer 
1  have  seen,  but,  although  it  had.  a  very  "  natural "  appearance,  was 
unable  to  decide. 

Lepidolite. — Station  17,  in  a  form  resembling  the  Saxon  ziniuraldite,  E. 

Leucite. — Table  Mountain,  Golden  City,  S. 

Leucopyrite. — Spanish  Bar,  S. 

LicoRiTE. — North  Clear  Creek,  S. 

LiMONiTE. — Near  station  17,  E. ;  in  the  Tertiary  sandstones  west  of  Plum 
Creek,  near  Colorado  City,  P. ;  in  several  localities  of  South  Park, 
Peters. 

Magnesite. — In  small  quantities  in  the  running  lode  at  Black  Hawk,  E. 

Magnetite. — In  loose  nodules  on  Gunnell  and  Procer  Hills,  at  Central; 
in  small  octahedric  crystals  in  the  gneissic  rock  on  station  1 ;  on  sta- 
tion 54,  E.  Occurring  in  the  granites  of  various  localities.  Silver 
Ilills,  White  Ilouse,  Capitol,  in  the  doleritic  rocks  generally,  P.  At 
Idaho  and  Caribou,  S. 

Malachite. — Is  found  as  the  result  of  decomposition  of  fahlerz  and 
other  minerals  at  the  Dallas,  Leavenworth,  and  other  mines  near  Cen- 
tral ;  at  the  No  Name,  Caribou,  Seven-Thirty,  Fourth  of  July,  and 
others,  at  Caribou  ;  at  some  of  the  Georgetown  mines;  at  the  Hard- 
scrabble  mines,  on  station  46,  and  other  localities,  E. ;  at  Crater 
Mountain,  in  the  mines  of  Fairplay  and  Elk  Motintain  district,  P. 

Marcasite. — Philii)ps  mine,  Fairplay,  Peters. 

Mel  ACONITE. — Occurring  at  the  Gunnell,  Briggs,Leavitt,  Leavenworth, 
and  other  mines,  near  Central,  E. ;  at  the  Unknown  mine  in  Mont- 
gomery, Peters. 

Melanterite. — On  the  dumps  of  the  Wood,  Dallas,  and  Kansas  mines, 
and  others,  near  Central,  E. ;  in  the  Sweet  Home  mine,  Peters. 

^lESiTiNiTE. — Black  Prince  lode,  Lump  Gulch,  S. 

Meteoric  iron. —  Vide  Iron. 

Minium. — Freeland  mine,  Trail  Creek,  S. 

MispiCKEL. — Together  with  pyrite  in  the  Bobtail  and  other  mines,  E. 

Molybdenite. — Leavitt  mine,  at  Central,  S. ;  occurring  in  thread-like 
veins  in  Silver  Hills,  near  Fairplay,  Peters. 

Mi'SCOViTE. — In  good  crystals  on  station  2,  and  in  tbe  coarsegrained 
granite  near  Canon  City ;  throughout  the  granite,  and  partly  in  the 
schist-rocks,  E. 

Obsidian. — Porphyritic,  in  a  dike,  at  station  27,  E. ;  Buffalo  Peak, 
Arkansas  Valley,  and  Union  f^ark,  P. 

Onyx. — Middle  Park,  M. 

Opal. — Milky  and  precious  at  Idaho  City,  E. 

Orthoclase. — In  crystals  in  the  porphyries  on  Gregory  Hill,  partly 
altered  into  sanidite.  It  occurs  sometimes  in  very  large  pieces 
throughout  the  coarsegrained  granites  of  Colorado,  E. ;  in  the  por- 
phyry-dike at  Gold  Hills,  crystals  of  large  size,  M. 

Pegmatite. — At  several  localities  in  the  vicinity  of  Georgetown,  on 
station  2,  E.    Bear  Creek  and  Gold  Hills,  in  Boulder  County,  S. 


360       GEOLOGICAL  SUKVEY  OF  THE  TERRITORIES. 

Petroleum. — From  the  oil-wells  in  Oil  Greek  Canon,  to  the  east  of 

Canyon  City,  E. 
Petzite. — In  the  goldmines  of  Golxl  Hill,  occurring  in  narrow  seams 
•    and  veins,  M. 

Phlogopite. — On  station  46,  E. 
Pitchblende. — Occurs  in  large  quantities ;  massive  in  the  Wood  lode 

in  licavenworth  Gulch,  near  Central,  E. 
PoLYBASiTE. — In  tabular  crystals  at  the  Terrible  mine,  near  George- 
town, E. 

Prase.— Middle  Park,  M. 

Preiinite — Fair  Play,  in  some  of  the  mines,  Peters. 

Proustite. — Occurring  in  the  Brown  lode,  intermixedwith  galenite,  F. 

PsEUDOMALACHiTE. — Little  Piatt  River,  south  of  Fair  Play,  P. 

PdiLOMELANE. — Seatou  mine,  Idaho,  occurs  in  small  quantities,  E. 

Pyrargyrite. — In  the  Colorado  Central,  Terrible,  International,  Cold 
Stream  mines,  at  Georgetown,  associated  with  galenite,  fahlerz,  and 
sphalerite,  E.     In  the  Brown  lode  with  galenite,  F. 

Pyrite. — One  of  the  most  widely-distributed  minerals  in  the  Territory. 
As  a  rule,  it  is  auriferous,  occurring  crystallized  in  pentagonal  dodeca- 
hedra  In  the  Bobtail,  Bates,  Briggs  mine;  in  cubes  combined  with 
the  pentagonal  dodecahedron  at  the  Winnebago,  Mack,  Dallas,  Kan- 
sas, Grand  Army,  Gunuell,  and  other  mines,  all  near  Central  City. 
In  immense  bodies  it  is  found  in  the  Mammoth,  Briggs,  and  Leavitt 
lodes.  It  is  found  crystallized  in  the  Terrible,  Pelican,  New  Boston, 
Cold  Stream,  and  other  mines  near  Georgetown ;  at  the  Tenth  Legion 
mine  in  Empire;  in  cubes  at  stations  45  and  40,  E.  Found  also  in 
Silver  Hills,  crystallized  in  the  mines  of  Buckskin.  Cubes  of  four  to 
five  inches  edge  in  the  Pliilipps  mine;  in  the  Elk  Mountain  district, 
on  Eagle  Kiver;  in  octahedra  on  station  05,  P.  In  the  mines  near 
Idaho,  crystallized  and  massive,  M. 

Pyrolusite. — Massive  at  Buckskin  and  in  Silver  Hills,  Peters. 

Pyromorphitb.— Freeland  lode.  Trail  Creek,  S. 

Pyroxene. — i^ear  Fair  Play,  Peters. 

Quartz,  crystals. — Gunnell  lode,  Briggs  mine.  Quartz  Hill  and  other 
localities  near  Central.  In  the  Kosita  mines,  in  some  of  the  George- 
town mines,  at  station  40,  E.  On  East  liiver,  in  the  mines  of  Elk 
Mountain  district,  Iowa  Gulch,  Sopris  Peak,  P. 

Quartz,  smoky. — On  the  ('olorado  divide  j  large  crystals  on  the  Upper 
Platte,  and  on  Pike's  Peak,  P. 

Quartz,  rosy. — On  station  70,  E.;  camp  30,  P.;  Bear  Creek,  S. 

Khodocurosite. — Sweet  Home  mine.  Park  County,  Sch.,  in  verj'  beauti- 
ful si)ecimens,  and  in  the  Diadem  mine,  Buckskin,  Peters. 

RuTiLE. — On  Ute  Pass,  occurring  in  quartz,  Peters. 

Sardonyx. — In  Middle  Park,  M. 

ScuiRMERiTE,  ^.  8p, — Red  Cloud  and  Cold  Spring  mine;  Gold  Hill, 
Sch.  and  M. 

SCHREiBERSiTE. — In  the  Colorado  meteorite,  S. 

Selenite. — At  various  localities  in  the  shales,  station  35,  E. 

Semiopal. — At  Los  Pinos  agency,  E. 

Siderite. — Crystallized  in  South  Park,  Peters. 

Silver. — Native,  as  wire  silver  at  the  Terrible,  Georgetojv^n,  at  the  In- 
ternational on  Mount  McClennan  ]  as  wire-silver  in  the  Ko  Name  and 
Caribou  mines  at  Caribou,  E.  In  small  nuggets  and  thin  scales  near 
Fairplay,  in  Washington  Gulch,  Homestake  lode,  P. 

Sinter. — Siliceous,  South  Park,  S. 
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Smithsonite. — Jones's  miue  on  sphalerite,  near  Central,  E.  Eunning 
lode,  Black  Hawk,  F. 

Soda. — Carbonate,  from  the  Hot  Springs  of  Idaho,  E. . 

Sphalerite. — Occurs  in  almost  every  mine;  only  few  exceptions  take 
place.  In  the  lead-silver  mines  it  is  more  abundant  than  in  the  gold- 
mines. It  is  found  in  the  Winnebago,  dark  brown^  Dallas,  Onnnell, 
J.  P.  Whitney,  Kansas,  Wood,  Calitornia,  Kuuning,  Bobtail,  Briggs, 
(small  quantities  in  these  two,)  Monte  Christo,  and  numerous  other 
mines  iu  the  vicinity  of  Central.  The  mines  of  Georgetown  invaria- 
bly contain  it.  The  Caribou  mines  show  at  times  large  quantities  of 
the  mineral.  Station  46,  E.  Sphalerite  containing  cadmium  is  found 
in  several  mines  near  Fairplay,  Peters. 

Spinel. — Crystal  mine,  Virginia  Canon,  S. 

Stephanite. — Colorailo  Central,  Georgetown,  E.  Moose  mine  near 
Fairplay,  and  others,  Peters. 

Stibnite. — Terrible  mine  near  Georgetown,  E. 

Sulphur. — In  a  small  crystal  on  galenite  from  the  Clifton  mine  near 
Central,  von  Schulz ;  found  in  Middle  Park,  S. 

Sylvanite. — In  the  lied  Cloud  mine  of  Gold  Hill,  occurring  in  foliated 
masses  and  threadlike  veins,  M. 

Talc. — In  fine  scales  among  the  gangne-rock  of  the  Bobtail  and  Kan- 
sas near  CentraL  In  light-pink  scales  in  the  Silver  Hills  and  Barton 
mines,  Hardscrabble  district,  E.    On  Sopris  Peak,  P. 

Tellurium,  native. — At  the  Red  Cloud  mine  of  Gold  Hill,  in  crystal- 
line masses,  belonging  to  the  hexagonal  system.  Found  in  a  speci- 
men obtained  from  Professor  Schirmer. 

Tennantite. — Crystals  in  Buckskin  Gulch,  Peters.  Geneva  district. 
Park  County,  Sch. 

Tetrahedrite. — Crystals  in  Buckskin  Gulch,  Peters. 

Tourmaline. — In  the  quartz  of  Gunnell  Hill,  Central,  of  Kunning  Hill, 
Black  Hawk,  B.  On  Guy  Hill  and  at  Nevada,  S.  Station  64,  P. 
Crystals  with  both  terminations  at  Montgomery,  Peters. 

TuFFA. — Calcareous,  Currant  Creek,  E.  Boariug  Fork  and  FryingPan,P. 

Turquoise. — Southern  Colomdo,  doubtful,  S. 

Uraninite. — On  the  dumps  of  the  Wood  lode  in  Leavenworth  Oulch,  E. 

Yesuvianite. — In  large  crystals  of  simple  combination  on  Mount 
Italia,  station  64,  P. 

TV^iLLEMiTE. — Jones's  mine.  Central,  E. 

WoLLASTONiTE. — Near  Fairplay  in  the  limestones,  Peters. 

ZiNCiTE. — Jones's  mine.  Central,  S. 

ZiNKENiTE. — Sweet  Home  mine,  small  crystals,  Peters. 

Zircon.— Bear  Eiver,  Middle  Park,  S. 
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SPECIAL  REPORTS  ON  PALEONTOLOGY. 


THE  LIGNITIC  FORMATION  AND  ITS  FOSSIL  FLORA. 


BY  LEO  I.ESQUEREUX. 


Columbus,  Ohio,  July  14, 1874. 

Deab  Sib  :  I  scDd  you  herewith  my  report  on  the  botanical  paleon- 
tology of  the  Tertiary  formations  of  the  Kocky  Moantains. 

The  results  of  the  explorations  of  1873  in  regard  to  my  special 
researches  are  exposed  in  the  description  of  the  new  species  of  fossil 
plants,  and  in  the  discussion  of  the  data  furnished  by  these  plants  on 
the  age  of  the  Lignitic  formations. 

As  there  has  been  of  late  some  discussion  on  this  last  subject,  and 
as  the  opinions  of  the  explorers  do  not  yet  agree,  I  have  reviewed  in  the 
first  part  of  my  report  the  facts  and  arguments  bearing  evidence  on 
the  age  of  the  Lignitic ;  in  the  second  part,  I  have  marked,  by  tables, 
&c.,  the  distribution  of  the  Tertiary  flora  in  relation  to  the  periods  wbich 
they  seem  to  represent ;  in  the  tbird  part,  the  description  of  the  new 
species,  or  of  those  which  were  not  yet  known  from  American  specimens, 
is  given ;  and  the  fourth  has  a  review  on  the  climate  during  the  North 
American  Tertiary  epoch,  as  indicated  by  the  character  of  the  groups  of 
its  fossil  flora. 

Besides  what  is  due  to  the  co-operation  of  the  members  of  your  corps 

in  the  collection  of  specimens  of  fossil  plants,  the  survey  is  greatly 

indebted  to  Captain  Berthoud,  and  to  Mr.  A.  Lakes,  of  Golden,  for  the 

discovery  of  new  species  and  the  communication  of  splendid  specimens. 

Very  respectfully,  yours, 

L.  LESQUEREUX. 

Dr.  F.  V.  Hayden, 

United  States  Geologist,  Washington. 


INTRODUCTION. 


I  sball  begin  my  report  of  this  year  by  a  more  detailed  review  of  the 
essential  facts  and  data  which,  furnished  essentially  by  vegetable 
paleontology,  have  forced  my  conclusions  on  the  age  and  the  geological 
distribution  of  the  Lignitic  formations  of  the  West. 

There  is  always  some  uncertainty  in  the  reference  of  fossil  species  to 
peculiar  geological  stations,  when  the  paleontologist  is  called  to  describe 
them  and  judge  of  their  geological  relations  without  having  himself 
examined  the  localities  wherefrom  the  materials  have  been  derived ; 
this  on  account  of  a  casual  mixing  up  of  si^ecimens,  and  also  because 
the  more  characteristic  species,  which  are  sometimes  of  rare  occurrence, 
escape  the  eye  of  those  who,  unacquainted  with  fossils,  collect  speci- 
mens at  random,  and  wherever  they  find  them,  for  the  examination  of  a 
specialist.  For  this  reason  I  have  to  base  my  classification  on  the 
localities  which  I  have  visited  myself,  and  on  those  which,  either  from 
stratigraphical  evidence  or  by  a  close  analogy  in  the  characters  of  their 
fossil  remains,  are  ascertained  as  synchronous. 

1st.  I  refer  to  Eocene  (Lower  American  Eocene,)  all  the  coal-strata  of 
the  Katon  Mountains ;  those  of  the  Gaiion  City  coal-basin ;  those  of 
Colorado  Springs,  where  acoal-bed,  theOehrung's,  is  opened  and  worked ; 
those  of  the  whole  basin  of  Central  and  North  Colorado,  extending 
from  Platte  Eiver  or  from  the  Pinery  divide  to  south  of  Cheyenne,  in- 
cluding Golden,  Marshall,  Bowlder  Valley,  Sand  Creek,  &c.,  and,  ia 
Wyoming,  the  Black  Butte,  the  Hallville,  and  the  Rock  Spring  coal.  By 
analogy  of  geological  characters,  compounds,  and  succession  of  strata, 
as  indicated  by  Ilayden,  Leex)nte,  and  others,  and  also  by  the  presence 
of  species  of  fossil  plants,  which  I  consider  as  leading  plants  of  the  group, 
I  refer  to  the  same  Eocene  formation  the  Lignitic  beds  of  New  Mexico  as 
far  south,  at  least,  as  the  Placiere  anthracite  coal;  in  Wyoming,  those 
of  Bear  River;  and  in  Utah,  those  of  Coalville,  as  described  by  Professor 
Meek  in  the  tormer  rex)ort  of  Dr.  Hayden,  (1872,  p.  435.)  From  its  fossil 
plants,  the  coal  of  Nanaimo,  Vancouver  Island,  is  i*eferable  to  this 
section. 

2d.  I  consider  as  American  Upper  Eocene  (or  Lower  Miocene,  the  coal- 
strata  of  Evanston,  and  from  identity  of  the  characters  of  the  flora,  as 
seen  from  the  specimens  communicated  to  me,  those  of  six  miles  above 
Spring  Canon,  near  Fort  Ellis ;  of  the  locality  marked  near  Yellowstone 
Lake,  among  basaltic  rock ;  of  Troublesome  Creek,  Mount  Brosse,  and 
Elk  Creek,  Colorado.  The  specimens  from  Bellingham  Bay,  Washington 
Territory,  refer  this  locality  to  the  same  horizon. 

3d.  To  the  Middle  Miocene  I  refer  the  coal-basin  of  Carbon,  and  from 
the  identity  of  vegetable  remains  the  Washakie  group.  Medicine  Bow, 
Point  of  Rocks,  and  Rock  Creek. 

4th.  To  the  Upper  Miocene  belongs  the  Green  River  group  of  Wyo- 
ming ;  the  coal  of  Elko  Station,  Nevada ;  the  leaf- bearing  strata  of 
South  Park,  near  Florisant  and  Castello  Ranch ;  of  Middle  Park,  and 
of  Barrell's  Spring. 

The  localities  where  only  a  few  specimens  of  undeterminate  relation 
have  been  obtained,  and  which  are  not  named  in  this  connection,  are  of 
little  importance.  They  may  become  positively  identified  with  one  of 
these  stages  of  tlie  Tertiary,  and  for  this  reason,  in  order  that  the  means 
of  comparison  may  be  more  easily  recognized,  I  propose  to  modify  the 
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plan  of  my  former  reports  in  the  following  manner :  The  specimens  ex- 
amined from  the  exploration  of  past  year  (1873)  will  be  described  in 
separate  sections  or  groups,  to  which  are  referable  the  localities  where- 
from  they  are  derived ;  and  instead  of  placing  in  a  single  synoptical 
table  all  the  species  known  from  our  American  Tertiary  measures, 
it  will  be  more  appropriate  to  prepare  a  table  for  each  of  the  Tertiary 
stages,  as  recognized  above ;  reserving  a  general  table  for  a  later  time, 
when  our  Tertiary  divisions  are  more  positively  recognized.  It  is  to 
this  last  end  especially,  and  as  stated  above,  that  these  different  tables 
may  be  useful.  The  materials  which  we  have  now  on  hand  are  abun- 
dant enough  to  point  out  a  marked  difference  in  the  vegetation  of  the 
different  horizon  of  the  Tertiary,  though  the  general  characters  of  the 
separate  groups  which  they  represent  are  not  yet  well  determined 
euough  to  give  positive  evidence  in  regard  to  the  exactness  of  these 
divisions.  As  our  Tertiary  measures  are  of  wide  extent,  and  are  likely 
to  become  more  and  more  carefully  studied,  these  different  tables  will 
afford  points  of  comparison  for  local  floras,  and  therefore  for  identifi- 
cation of  local  formations,  just  as,  in  the  former  reports,  the  general 
tables  furnished  for  the  comparison  of  the  geological  epochs,  the  Creta- 
ceous and  Tertiary,  an  evidence  which  is  needed  no  more ;  for,  iudeed, 
I  believe  that  from  the  descriptions,  details,  and  expositions  of  the 
characters  of  each  of  these  separate  groups  of  the  Tertiary,  its  age  and 
its  disconnection  from  the  Cretaceous  will  be  established  positively 
euough  to  prevent  any  further  discussion  on  the  matter. 

§  1.— AGE  OF  THE  NORTH  AMERICAN  LIGNITIC. 

Besides  the  evidence  furnished  on  the  age  of  this  formation  by  the 
characters  of  the  vegetable  remains,  I  have,  in  my  former  annual  report 
to  Dr.  Hayden,  drawn  some  collateral  conclusions,  which  I  wish  to  briefly 
review  now,  in  order  to  separately  consider,  in  regard  to  them,  any  new 
evidence  afforded  by  the  researches  of  1873. 

These  conclusions  were  taken,  1st,  from  the  fact  of  the  immediate 
sui>erposition  of  the  strata  bearing  plants  to  well-characterized  strata  of 
the  upper  series  of  the  Cretaceous,  the  Fort  Pierre  and  the  Fox  Hill  beds 
of  Hay  den's  section,  in  the  Report  for  1871,  (p.  87.)  This  immediate  su- 
perposition of  the  heavy  fucoidal  sandstones  and  of  the  Lignitic  over 
Upi)er  Cretaceous  rocks,  is  seen  in  full  evidence,  as  remarked  in  the  re- 
])ort,  in  the  Raton  Mountains  of  New  Mexico,  around  Trinidad ;  all  along 
the  ridge  of  sandstone  from  Trinidad  to  the  Spanish  Peak;  at  the  Canon 
City  coal-basin  under  the  Lignitic  formation,  as  marked  in  the  section  of 
Mr.  Nelson  Clark,  superintendent  of  the  coal-mines;  at  Colorado  Springs, 
in  following  the  bed  of  Monument  Creek,  from  the  depot  to  Gehrung's 
coal ;  at  Golden,  Marshall,  &c.  On  this  subject  my  observations  agree 
with  those  formerly  recorded  by  Dr.  Hayden,  Dr.  Lecoute,  and  others; 
the  succession  of  the  strata  has  been  recognized  by  all  the  geologists. 

2d.  I  have  not  denied,  and  do  not  deny  now,  the  presence  of  animal 
Cretaceous  remains  in  the  strata  of  the  Lignitic,  though  persisting  to  con  • 
sider  the  formation  as  Tertiary  notwithstanding;  for  I  regarded  and  still 
regard  the  presence  of  some  scattered  fragments  of  Cretaceous  shells  as 
of  little  moment  in  comparison  with  the  well-marked  characters  of  the 
flora,  characters  which  have  been  fully  established  by  a  large  number  of 
specimens  obtained  from  all  the  localities  referred  to  the  Lignitic.  I  re- 
marked, however,  on  the  scarcity,  if  not  the  total  absence,  of  Cretaceous 
animal  remains  in  the  whole  extent  of  the  Colorado  basin,  from  the  Ra- 
ton Mountains  to  Cheyenne. 

Since  then,  new  evidence  has  be«n  supplied  to  this  subject,  first  by  a 
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letter  of  Prof.  E.  T.  Cox,  who,  in  company  witb  Dr.  R.  Owen,  found 
specimens  of  Scaphiicft  and  Inocerami  in  strata  RiipiK)sed  to  belong  to 
the  Cretaceous  Liguitic,  as  quoted  by  Dr.  Leconte  in  his  Notes  on  the 
Geology  of  the  Union  Paeiflc  Railway,  (p.  19.)  Professor  Cox  says,  con- 
cerning these  specimens,  whicli  are  still  in  his  cabinet — 

I  copy  from  my  memoran<1uin-b<M)1{  tbo  Hectioii  and  notes  ma<le  at  Spaniah  Peak,  a 
range  of  the  Rocky  MomitaiuH,  from  a  8tage-8tatiou  on  Purgatory  Creek. 

Crtiaci\tH8. 

Hard  hand 20  feet. 

Thin  and  thick  1>eddcd  AaiidHtone,  ) 

Schi.stone  Handstono  and  nhah^,         > 200  feet. 

Solid  bedded  saudHtoue.  ) 

Thin  coal 

Solid  grit,  with  pebbles 70  fiRet. 

TahiBat  base 400  feet. 

The  taluH  rested  npon  the  table-land,  which  is  240  feet  above  the  Ited  of  the  creek ; 
total  height,  from  bed  of  creek  to  top  of  sectiiMi,  U^iO  feet.  The  ridge  extended  back 
from  face  of  hill,  and  anpeared  to  be  about  100  to  150  feet  higher. — (Note  ou  sectiou 
from  menioranduui-book :)  Found  in  the  wash  at  foot  of  talus  in  the  above  section, 
Svajthitev  noilovUf  and  a  species  of  Inoctramus. 

The  section  is  similar  to  those  given  in  Ilayilen's  Report  for  1872,  (p. 
319),  of  the  Lignitic  and  its  underlying  heavy  sandstone,  ou  the  Purgatory 
Creek,  near  Trinidad,  which  is  underhiid  by  a  talus  of  Cretaceous  black 
shale,  No.  4.  It  compares  especially  well  to  my  own,  in  the  same  report  (p. 
320),  of  the  range  opposite  Trinidad,  where  the  underlying  black  and 
Cretaceous  shales  and  covered  space  to  the  bed  of  the  creek  measure  300 
feet.  From  this  place,  and  along  the  stage  road  to  Spanish  Peak,  the 
distribution  of  the  strata  is  the  same,  the  heavy  Lignitic  sandstone  tow- 
ering over  the  talus  of  the  black  shale,  like  a  wall,  as  reported,  (loc  ciL^ 
p.  321,)  and  overlaid  by  the  beds  of  lignites,  or  the  productive  Lignitic. 
That,  therefore,  the  Cretaceous  fossils  found  at  the  base  of  the  talus  of 
black  shale  Xo.  4  do  not  prove  that  the  Lignitic  above  is  of  Cretace- 
ous age  is  evident  enough.  The  section  of  Profesvsor  Cox,  on  the  con- 
trary, conlirms  the  deductions  taken  in  relation  to  the  superpositiou  of 
the  Tertiary  Lignitic  to  the  Cretaceous  in  that  part  of  the  country. 

The  authority  of  Captain  Berthoud,  of  Golden,  has  been  often  quoted 
on  the  same  subject,  and  is  generally  considered  as  of  gresit  weight  iu 
geological  matters  of  Colorado,  a  region  which  this  gentleman  has  for 
many  years  surveyed  for  the  construction  of  railroswls  and  carefully 
examined  with  the  eye  of  a  practical  geologist.  lie  has  been  reported 
as  supporting  the  assertion  that  Cretaceous  mollusks  had  be^u  found 
above  the  beds  of  the  Lignitic  formations.  In  regard  to  my  inqui- 
ries on  this  subject,  he  had,  like  Professor  Cox,  the  kindness  to  give  his 
detailed  opinion  in  a  letter,  whose  statements  are  worth  preserving.  He 
says, 

1st.  Tliat  if  Professor  Stevenson  observed  Inooerami.  AmiHonitea,  ScaphiteSf  Jia<mlite8^ 
Nncul(p,  i&c.,  in  snperi)ositiou  to  Lignitie  strata  of  Colorado,  it  is  elear  to  nie  that  it  iu 
only  a  case  of  local  inversion  ;  t.  e.j  that,  as  shown  iu  our  basin  of  Golden,  the  Liguitio 
sandstone  has  l)een  so  tilted  up  that,  with  the  coal-seams  near  by,  it  was  thrown  ovor 
the  perpendicular,  and  thus  Cretaceous  strata  would  appear  in  superposition.  « 

2d.  That  between  this  Lignitic  and  the  Cretaceous  beds  holding  InooeramuSy  Slo., 
on  Bear  Creek,  there  is  fully  one  mile  on  an  east  or  west  lino,  so  that  the  Cretaceous 
beds  and  the  Lignitic  coal-shale,  fire-clay,  and  sandstone  are  not  conformable  in  dip, 
and  clearly  show  the  superposition  of  the  Lignitic  beds.  This  is  undoubted,  as  the 
Cretaceous  limestone  debriSf  under  green  and  yellow  clay-beds,  disappear  under  the  coal- 
beds  at  our  old  cauip  on  Bear  Creek  that  3'ou  visited  witb  me. 

At  Golden  I  cannot  see  that  the  Cretaceous  beds  are  conformable  to  the  sandstone 
and  coal ;  so  far  I  wrot«  to  A.  R.  Marvine.  Now,  I  will  add  to  this  for  you  some  other 
remarks.  It  has  always  seemed  to  me  a  stumbling-block  when  ten  years  ago,  or  morei 
and  until  IHG8-'09, 1  supposed  and  believed  that  our  coal  was  Cn*.taceous,  to  find  every- 
where, when  examined  by  me,  that  there  was  no  conformability  between  the  Lignitio 
Measures  and  the  outcrop  west ;  and  that  at  Ralston,  Bear  Creek,  Table  MouutaiUi  the 
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etratifioatiou  was  also  unconformable  to  all  from  the  coal  westward.  But  when  I  find 
that  as  we  proceed  east,  the  superimposed  Tertiary  beds  are  getting  more  and  more 
horizontal,  and  that  in  the  clays  and  sandstones  above  the  coal,  we  see  a  well-developed 
resemblance  in  fossil  plants  up  to  the  basalt  overdow,  I  gave  up  the  idea  of  the  Cre- 
taceous origin  of  this  Lignitic,  and  the  possibility  that  a  salt-water  deposit  could  belong 
to  the  same  geological  horizon,  as  indicated  by  the  Tertiary  fresh-water  deposits,  par- 
ticularly as  the  conformability  of  this  coal  and  this  Cretaceous  limestone  can  nowhere 
be  shown.  As  to  Dr.  Leconte's  report  of  what  I  found  east  of  Pike's  Peak,  it  is  in 
the  main  true.  I  found  coal  when  on  a  scout.  I  judged  it  was  nine  feet  thick.  It 
seemed  almost  horizontal,  but  I  would  not  say  it  was  horizontal,  as  it  was  badly  cut 
up  by  the  drainage  of  the  small  gully  we  found  it  in.  In  bluffs  north  or  northwest  I 
found  several  BacuUfea  thmt  seemed  to  come  from  a  clay-bed  in  the  bluffs ;  but  whether 
this  coal  wus  superimposed  to  this  bax^ulite  clay,  or  the  clay  was  over  the  coal,  I  could  not 
say  positively  either  way.  Southwest  of  this  locality,  tweuty-ti  ve  miles,  on  the  Arkansas, 
the  Jiwulite  clay-beds  are  below  the  Inocernmus  limestone,  and  no  coal  whatever  above. 
:kl.  The  coal-bed  opened  near  Platte  Cafion  I  have  not  yet  seen.  I  know  that  fine 
Jiaculites  and  Scaphites  have  been  obtained  there,  said  to  be  near  the  coal,  but  have  no 
evidence  of  it ;  will  visit  and  report  to  you,  as  soon  as  I  can,  just  what  I  find  there. 
But  I  think  it  is  a  case  of  local  inversion,  as  the  coal,  to  within  three  and  one-half  miles 
of  South  l^latte  Kiver,  is  tilted  up  the  same  as  at  Bear  Creek,  Golden,  Ralston,  <&c. 
Eleven  miles  north  of  Golden,  on  Coal  Creek,  these  Lignitic  beds  are  regularly  inclined 
east,  and  no  Cretaceous  beds  west  of  them  can  I  find.  At  Murphy's  coal-mine  no  Cre- 
taceous fossils  are  found  east  of  the  coal.  In  Golden,  cutting  a  deep  well  in  the  green 
Tertiary  clay  about  1,000  feet  east  of  the  coal  has  exposed  a  stratum  of  deep-green  clay, 
with  a  large  deposit  (leaf-bed)  with  leaves  changed  into  glossy  coal.  They  seem  to 
belong  to  SaliXt  PlatanuSj  RhamnuSj  &c. ;  a  gramen,  also  a  small  fragment  of  an  elytra, 
or  wing-case  of  an  insect.  The  fossil  beds  near  Bowlder  County  are  accompanied  with 
clay  full  of  casts  of  leaves,  of  sedges  and  grasses,  molluski),  fossil  turtles,  and  ono  or 
two  bones  that  Professor  Marsh  thinks  are  Dinosaurm, 

This  is  sufficient  to  show  that,  except  the  specimen  of  Inoceramus 
found  by  Dr.  Leconte  at  the  Baton  over  Lignitic  beds,  no  Cretaceous 
fossil  mollusks  bave  been  found  till  now  in  the  whole  Lignitic  basin 
from  the  Katon  Mountains  to  Cheyenne. 

3d.  To  answer  the  objections  that  at  Black  Butte,  Coalville,  Bear 
Biver,  and  other  localities  in  Wyoming,  the  Lignitic  beds  and  sandstone 
bearing  plants  had  been  recognized  underlying  strata  with  ibssil  remains 
of  Cretaceous  animals,  I  had  to  examine  if,  from  its  nature  and  its  fossil 
plants,  the  Lignitic  formation  should  be  of  necessity  recognized  as  a 
whole,  or  if  it  could  be  separated  into  different  members,  the  one  repre- 
senting the  Upper  Cretaceous,  the  other  the  Lower  Tertiary.  For  this, 
of  course,  the  essential  documents  to  be  considered  in  the  view  of  my 
special  researches  are  the  fossil  plants.  From  the  large  number  of 
Fucoids  in  the  sandstone,  and  from  the  identity  of  some  of  the  species  of 
these  marine  plants  found  by  Professor  Meek,  even  in  connection  with  the 
lowt^r  strata  of  the  Liguitic  as  tar  down  a^  the  arenaceous  beds  of  Bear 
Creek  and  Coalville,  with  Cretaceous  animal  remains;  from  the  prodi- 
gious preponderance  of  palms,  leaves  and  fruits,  recognized  also  in  the 
same  circumstance,  &c.,  I  forcibly  admitted  the  unity  of  the  Lignitic 
formation  in  its  whole,  and  therefore  limited  the  discussion  to  this  point : 
the  Cretaceous  or  the  Tertiary  age  of  the  formation.  The  detailed  exam- 
ination of  the  fossil  plants  of  the  Lignitic  and  of  their  distribution  affords 
more  evidence  on  this  question. 

4th.  To  strengthen  my  position  in  regard  to  the  conclusions  afforded 
by  vegetable  remains,  I  compared  the  Lignitic  formations  to  those  of  the 
Carboniferous  epoch,  remarking  that,  having  positively  a  preponderance 
of  land-plants  or  a  land-character,  they  should  be  considered  as  a  land- 
formation  ;  that  in  every  formation,  especially  in  every  land  formation 
like  that  of  the  Carboniferous,  the  fossil  animal  types  are  more  or  less  in 
discordance  with  the  vegetable  forms  in  regard  to  the  data  furnished 
by  them  on  the  age  of  the  formation.  As  in  the  Carboniferous  we  find 
Devonian  mollusks  far  above  the  millstone-grit,  and  also  Permian  shells 
far  below  the  Permian,  and  as  the  Carboniferous  is  now  generally  recogr 
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iilzed  as  a  bomogeneons  single  formation,  I  argued  that,  the  same  dis- 
accord being  remarked  in  our  Lignitic  measures,  we  had  to  explain  it  in 
the  same  way,  and  sliould  not,  on  that  account,  force  an  abnormal  divis- 
ion of  a  foiMuitiou  whose  flora  is  positively  analogous  or  syucbronous 
in  its  characters  in  the  whole  thickness.  A  di.'^crepancy  of  tbe  same 
kind  is  recognized  in  the  Cretaceous  formations  of  Europe,  even  between 
the  groups  of  animal  fossils  which  characterize  them.  The  president 
of  the  Society  of  Natural  History  of  Geneva,  my  honored  friend,  Rev. 
Duby,  says,  in  his  discourse  of  lS()l,in  regard  to  the  geological  observa- 
tions recorded  during  the  year. 

That  the  society  hud  bt*eii  favorrd  by  Professor  Pictet  with  iiiuiieroiis  conimnnica' 
tioiiH  r«*lative  to  paleontology,  of  which  the  most  iiii{>ortAiit  is  a  uoiiee  i»f  the  t$iicc(^t4- 
Bion  of  the  cephalopod  uiollusks  (luring  the  (*halk  period  in  tlie  regioii  of  the  Swiss 
Alps  and  Jura.  Mr.  Pictet  derives,  from  a  detailed  8tudy  of  the  fossils  contaiued  iu  tbe 
Crctaceons  strata  and  their  comparison  with  contemporaneous  repositories,  an  argu- 
irnnit  in  favor  of  the  i<lea  prop(»undcd  by  Mr.  Barande,  that  two  successive  faunas 
must  n("cessarily  have  existed  together  for  some  time,  and  he  conchules  by  sbowini;  that 
pale<»nto]ogicaI  faunas,  distinguished  through  by  marked  characters,  are  not  ordinarily 
suHceptiblo  olany  rigorous  limitation. 

Messrs.  Clapaiede  and  Favre  took  occjision  to  remark  on  thia,  how 
much  the  conclusions  of  Mr.  Pictet  must  in  future  c<unplicate  the  task 
of  geologists  who  undertake  to  deteimine  the  age  of  the  formations.  On 
the  same  subject  Count  Sai)orta,  one  of  the  highest  European  authori- 
ties in  vegetable  paleontology,  remarks,*  in  speaking  of  the  presence 
of  Annnonites,  BacvUteH,  Inoceramuttj  iS:c.,  in  the  American  strata,  which, 
by  their  fossil  ])lauts  are  characterized  as  Eo<*ene,  that  these  molhisks 
have  persiste<l  for  a  longer  time  in  the  Cretaceous  of  Ameri(*a  than  in 
Europe;  a  fact  which  is  easily  admitted,  as,  in  France,  the  chambered 
cephalopods  had  left  the  Cretaceous  seas  of  the  south  long  before  they 
disappeared  from  the  north.  The  same  remark  is  repeated  in  Jukes 
and  Geikie's  Maniml  of  Geology,  (p.  6G4.) 

In  parts  of  the  north  of  France  there  occur  curious  hanks  of  white  pisolitic  lime- 
stone, resting  a])]>an.>ntly  in  hoUowsof  the  chalk,  \v.,  hut  Hjuietimes  on  the  same  level 
as  the  lower  beds  of  the  Tertiary  rocks  above  it.  Some  ol  ilie  fossils  ai*e  true  Creta- 
ceous, while  none,  I  In^lieve,  are  Tertiary  forms. 

We  have  apparently  something  like  this  in  our  geological  Upi>er  Creta- 
ceous formation,  if,  as  it  seems  proved,  we  do  not  lind  any  kind  of  Ci-e- 
taceous  mollusksin  the  Lignitic  biisin  of  Golden,  when  their  presence  is 
still  nsitertained  in  the  Lignitic  of  Bear  L*iver  and  Coalville.  The  English 
geologists  remark  on  facts  of  this  kind,  (loc,  cif,^  p.  (>(>5:) 

That  the  exist<-nce  of  local  groups  of  nx'ks  that  will  not  exactly  tit  into  the  general 
series,  either  from  tlieir  containing  fossils  ditferent  fnmi  those  found  in  any  other  group, 
or  from  their  uniting  parts  of  two  sets  (d*  fossils  which  me  elsewhere  distinct,  although 
sometimes  perplexing,  seems  ueitliiT  unnatural  nor  <Iillen'nt  from  what  might  be 
expected.  It  merely  shows  us  that  our  gcologiful  scries  is  a  s«-ries  of  fragments,  not  ouo 
of  absolutely  (continuous  succt^ssion. 

In  his  travels  with  the  Llassler,  Professor  Agassiz  has  observed  a 
case  which  may  vserve  to  explain  anomalies  between  the  records  fur- 
nished by  animal  and  vegetable  remains  in  regard  to  the  age  of  the 
strata. t 

The  geology  of  tin*  coast  of  Possession  I>ay  is  interesting  to  the  highest  degree. 
All  along  the  cotists,  north  of  the  JStraits  of  Magellan,  the  Tertiary  formations,  same  as 
aU»ng  the  coasts  of  Eastern  Patagonia,  are  perfectly  distinct,  even  seen  from  a  distance, 
by  their  horiz«nital  strata,  also  remarked  on  the  coast  of  I'uego.  In  Possession  Bay  wo 
hinded  to  more  carefully  n*cognize  the  character  of  the  country,  &c.  One  mile 
inland  from  the  cliil's  I  found,  at !"»(» tVet  abov<>  the  sea-level,  a  pon<l  of  salt  water,  which, 
to  my  great  surprise,  ha«l  an  abundance  of  marine  shells,  identical  with  those  of  the 
sea  along  the  coast.    They  were  in  a  perfect  stat<">  of  preservation  ;  many  were  liviug, 

*  In  letters. 

t  Letter  of  Professor  Agassiz  to  Professor  Peirce,  in  Boston  Advertiser.  I  have  to  w* 
translate  this  from  the  French  licruc  HcientiJiquCj  No.  40,  May,  1^73. 
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and  I  could  collect  a  large  number  of  specimens,  with  living  animals,  for  preserving  in 
alcohol.  The  most  numerous  were  Fucij  Buccinl,  Fissurellxe^  PattUo',  VolutiF.,  «Src.,  nil  in 
the  same  numeric  relation  which  was  remarked  in  the  sea  under  the  clififs.  The  pres- 
ence of  this  salt  pood,  with  its  living  iuhat)itants,  proves  a  very  recent  upheaval  of  the 
coast .  The  exact  time  could  not  be  precisely  fixed  without  a  more  extensive  geological 
examination.  The  fact  is  the  most  complete  confirmation  of  Darwin's  assertion,  pub- 
lished more  than  thirty  years  ago,  that  there  has  been  a  recent  ui)heaval  of  the  coasts. 

Admitting  tbe  fact  as  it  is  exposed  by  Professor  Agassiz,  and  sup- 
posiDg  that,  after  an  epoch  of  time,  there  should  be  a  contrary,  slow 
movement  or  depression  of  the  same  laud,  and  that  from  the  start  this 
depression  should  be  accompanied  by  the  introduction  of  fresh-water 
lakes,  of  swamps,  &c.,  the  growth  of  extensive  bogs,  and  the  formation 
of  peat  beds  by  plants ;  that  over  it  a  succession  of  shales  and  sand- 
stone should  be  formed  by  more  rapid  depression  and  the  invasion  of 
muddy  or  sandy  water,  &c.,  the  result  of  this  heaping  up  of  new  mate- 
rials would  represent,  of  course,  a  more  recent  formation,  characterized 
by  its  remains  of  fossil  plants,  this,  under  or  below  the  level  of  a  more 
ancient  one,  characterized  by  its  fossil  invertebrate  animals,  &c. 

5th,  In  recording  the  opinions  of  geologists,  who,  by  their  researches, 
have  furnished  materials  (animal  fossils)  as  evidence  of  the  Cretaceous 
age  of  the  Lignitic,  I  quoted  Professor  Meek's  passage  of  a  letter,  where 
his  opinion  is  exposed  rather  in  favor  than  in  contradiction  of  mine.  Of 
course,  1  was  not  then  informed  of  his  conclusions  published  later.  We 
have  now,  in  the  report  of  Dr.  Hayden  for  1872,  (pi).  431-462,)  the  re- 
sult of  the  researches  of  this  careful  observer,  tending  to  prove  that  the 
Lignite  deposits  of  Coalville  have  been  positively  recognized  underly- 
ing strata  characterized  as  Cretaceous  by  their  remains  of  mollusks. 
As  no  fossil  plants  have  been  discovered  in  connection  with  these  coal-beds, 
except  the  omnipresent  fucoid,  HaUmeiiites  major jiio  argument  can  be  put 
forward  from  the  comparison  of  vegetable  fossil  remains.  It  is,  however, 
remarkable  that  the  constitution  of  the  Lignite  of  Coalville,  the  thick- 
ness, the  distribution  of  the  beds,  is  about  the  same  as  that  of  Evanston ; 
so  similar,  indeed,  that  the  more  experienced  miners  and  superintendents 
of  the  mines  at  Evanston  and  other  places  consider  these  Lignitic  beds 
as  the  same.  The  diflerence  of  fixed  carbon  in  the  lignite  of  tlie  two 
localities  is  only  1  per  cent.;  that  in  the  proportion  of  water,  only  2;  in 
volatile  matter,  only  3.  And  if  we  admit  that  the  chemical  compound 
of  the  coal  and  the  lignite,  like  that  of  the  peat,  depends  especially 
from  the  orighial  constituents,  the  plants,  we  have  in  this  fact  of  identity 
of  chemical  compounds  more  than  a  probability  of  a  homogeneity  of 
original  or  vegetable  components.  In  this  case  the  discussion  is  recalled 
to  this  point,  as  remarked  above :  the  whole  Lignitic  being  a  homogeneous 
formation,  we  have  to  decide  if  it  is  Cretaceous  or  Tertiary. 

The  locality  where  the  discussion  on  the  relation  of  fossil  remains 
may  be  nuule  with  the  most  advantage  is  that  of  the  Litter  Creek 
series,  where  there  is  an  abundance  of  vegetable  remains  repre- 
sented, at  Llack  Butte  especially,  and  of  animal  fossils,  saurians, 
shells,  &c.,  also  found  in  profusion  in  the  strata  of  this  series  from 
Bhu^k  lUittes  to  Rock  Springs.  In  the  whole  series,  neither  Professor 
Meek  nor  his  assistant  have  found  any  shells  truly  characteristic  of  Cre- 
taceous age;  and  Professor  Meek  says  himself,  (p.  4>S,)  "  that  although 
partly  comuiitted  to  the  opinion  that  this  formation  beh)ngs  to  the  Cre- 
taceous, and  still  viewing  it  as  most  probably  such,  he  does  not  wish  to 
disguise  or  conceal  the  fact  that  the  evidence  favoring  this  conclusion, 
to  be  derived  from  the  mollusks  alone,  as  now  known,  is  by  no  means 
strong  and  convincing."  As  from  the  flora  of  Black  Butte  we  do  not 
have  any  identical  or  intimately  related  species  to  the  Cretaceous  plants, 
as  all  the  types  are  Tertiary,  even  a  large  number  Miocene,  the  conclusion 
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is  forcibly  in  favor  of  the  Tertiary  age  of  the  Lijrnitic.  Nearly  one-half 
of  the  species  of  fossil  plants  found  at  Black  Butte  are  identical  with 
or  closely  related  to  Eocene  and  Miocene  si>ecies  of  Enroi)e,  On  this 
subject  even  the  invertebrate  animals  seem  to  point  out  to  the  tsame 
conclusions ;  for  Professor  Meek  remarks,  {loc.  cit,  p.  460,)  "  that  he 
found  directly  associated  with  the  reptilian  remains  of  Black  Bntte 
(that  saurian  imbedded  in  Tertiary  leaves)  a  shell  which  he  cannot  dis- 
tinguish from  Viviparns  trochiformis,  originally  described  from  the  Lig- 
nitic  formations  at  Fort  Clark,  on  the  Upi>er  Mississippi,  a  formation 
that  has  always  been  regarded  as  Tertiary-  by  all  who  have  studied  its 
fossils,  both  animal  and  vegetable."  The  whole  discussion  on  the  subject, 
continued  by  Professor  Meek,  and  reviewed  cleaily  on  the  following 
l)ages,  (pp.  4G1-402,)  establish  the  same  fact,  that  f»aleontological  evi- 
dence from  remains  of  invertebrate  animals  is  rather  in  favor  of  the 
Tertiary  than  of  the  Cretaceous  age  of  the  group. 

The  conclusion  of  Professor  Co])e  amounts  to  this  :  that  from  the  Da- 
kota grouj)  to  the  top  of  roof  of  the  Black  Butte  main  coal  he  met  with 
an  uninterrupted  series  of  animal  Cretaceous  remains,  mollusks  in  the 
lower  beds  and  vertebrates  in  the  higher,  proving  that  the  beds  are  Cre- 
taceous(!).  Comparing  this  with  the  flora  of  the  Lignitic,  he  concludes 
that  a  Tertiary  flora  was  contemporaneous  with  a  Cretaceous  fauna, 
establishing  an  uninterrupted  succession  of  life  across  what  is  generally 
regarded  as  one  of  the  greatest  breaks  in  geological  time. 

This  con(*lusion  does  not  appear  to  exactly  conform  to  facts,  at  least 
on  the  point  of  view  of  vegetable  paleontology,  for  on  this  account^  and 
contrary  to  what  is  remarked  by  Professor  Cope  in  following  his  re- 
searches on  the  bones  of  extinct  species  of  animals,  we  have  from  the 
Dakota  group  to  the  lowest  strata  of  the  Lignitic,  or  to  the  same  bed  at 
Black  Butte,  where  the  bones  of  that  dinosaurian  were  found,  an  evi- 
dent and  total  break  in  the  succession  of  vegetable  type,  quite  as 
marked  as  it  can  be  in  passing  from  the  Jurassic  to  the  Cretaceous. 
This  anomaly  may  be  explained  in  considerinig  this  fact :  that  the  flora 
is  in  direct  collateral  relation  with  atmospheric  circumstances  which  do 
not  influence,  at  least  not  in  the  same  way  and  with  the  same  acti^ity, 
the  marine  world  and  the  land  vegetation.  Morever  the  lower  Eocene 
of  Europe  has  a  series  of  claj'  beds  bearing  remains  of  land  plants. 
They  are  intermediate,  it  seems,  between  the  upper  ("retaceous  and  the 
Lignitic  formations,  and  thus  indicate  long  x>eriods  of  time  sufficient  to 
account  for  great  modifications  in  the  flora. 

Gth.  Leaving  aside  these  considerations,  which  bear  indirectly  on  the 
subject,  I  have  to  come  back  to  the  question  of  the  precedence  which  in 
a  case  like  this  should  be  accorded  to  fossil  plants,  for  the  determina- 
tion of  the  age  of  the  formation ;  for  I  cannot  leave  without  contra- 
diction a  critical  remark  made  against  the  report  of  last  year,  which, 
among  others,  says :  * 

Mr.  I-iesqiieroux  has  mot  tli«  statements  of  Professors  Meek,  Coi>e,  and  Marsh,  that 
Cretaceous  mollusks  liml  been  found  in  and  overlying  the  Colorado  lignite  deposits, 
by  pointing  to  his  2i>(>  species  of  fossil  plants,  claimmg  that  they  far  outweigh  the  tes- 
timony of  the  animal  remains.  In  fact,  however,  these  fossil  plants  have  littlo  bear- 
ing on  the  question. 

The  absence  of  fossil  mollusks  in  the  Colorado  basin  has  been  proved; 
but  even  admitting  tlie  contrary,  and  tiiking  as  an  analogous  Cixse  the 
coal  of  Black  Butte,  over  which  the  skeleton  of  a  dinosaurian,  Agathauma 
sylvestrhjj  has  been  found  imbedded  into  leaves  of  Eocene  plants,  shall 
we  for  the  reason  of  the  presence  of  these  Cretaceous  remains,  still  more 

*Dr.  Newberry,  in  Joarnal  of  American  Arte  and  Sciences,  vol.  vii,  April,  1874,  p.  403. 
t  Cope,  Second  Bulletin  of  the  United  States  Geological  Sarvey. 
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important  as  characteristic  than  mollns}^,  admit  the  formation  as  Creta- 
ceous, and  consider  the  plants  as  without  bearing  on  the  question  ?  I 
have  last  year  spent  some  days  at  Black  Butte  and  in  the  surrounding 
country,  and  may  here  record  the  observations  which,  related  to  this 
question,  may  not  find  their  place  elsewhere. 

The  Saurian  bed,  as  it  is  now  called,  is  at  the  top  of  the  ridge  facing 
the  depot,  at  a  short  distance,  half  a  mile  east  from  it.  The  debris 
taken  out  in  digging  the  bones  of  the  animal  are  still  mixed  with  a 
quantity  of  fragments  of  these  bones,  and  some  of  the  specimens  are 
remarkably  interesting,  bearing  as  they  do,  fragments  of  bones  on  one 
side  and  fossil  leaves  on  the  other.  The  bed  is  a  kind  of  arenaceous 
clay,  mixed  with  ashes,  and  hardened  to  the  consistence  of  brick  by  the 
combustion  of  the  underlying  beds  of  coal.  It  overlies,  east  of  the 
station,  three  alternate  ridges  of  whitish  weathered  sandstone  of  the 
thickness,  taken  altogether,  of  96  feet,  being  10  feet  8  inches  above  the 
upi>er  ledge,  which  is  a  compact,  white,  hard  sandstone,  10  feet  thick, 
and  is  exposed  and  can  be  followed  easily  to  the  south  for  about  u 
quarter  of  a  mile,  where  the  main  coaLbed  of  Black  Butte  is  worked. 
At  this  place  the  section  in  descending  order  is : 
12.  Fire-clay  and  shaly  sandstone,  9  feet. 
11.  Yellow  sandstone,  6  feet. 
10.  Shale  and  coal-brash,  1  foot. 

9.  Shaly  sandstone  and  plants,  12  feet. 

8.  Coal,  3  to  5  feet. 

7.  Fire-clay,  2  to  7  feet. 

C.  Main  coal,  5  to  7  feet. 

5.  Fire-clay,  5  feet. 

4.  Clay,  capped  with  slaty  sandstone,  5  feet  4  inches. 

3.  Coal,  3  feet. 

2.  Shale  and  clay,  with  oysters,  7  to  10  feet. 

1.  White  sandstone,  10  feet  8  inches. 
This  sandstone,  being  the  same  as  the  upper  sandstone  under  the 
Saurian  bed,  the  former  section  shows  the  exact  horizon  where  the 
bones  have  been  found  as  within  or  above  the  lower  3-foot  bed  of  coal 
No.  3,  separated  by  10  feet  of  iire-cli^  from  the  main  Black  Butte  coal. 
It  is  very  probable  that  both  coal-beds  disjointed,  at  the  locality  of  the 
Saurian,  by  a  mere  clay  parting,  were  destroyed  by  fire  under  the  stra- 
tum of  clay.  Anyhow,  I  did  not  find  in  connection  with  the  bones  any 
s])ecies  of  plants  differing  specifically  from  those  found  in  the  sandstone 
No.  9  above  the  upper  coal.  Thespecimensrepresent  iSa6a2,  ViburnumdichO' 
tomunij  Ficus  planicostata,  Myrica  Torreyij  Aleurites  eocenica,  Faliurus 
zizyphoidesj  some  stems,  Caulinites^  and  fragments  of  leaves  of  a  Fla- 
tanusj  whose  middle  ])art  only  is  preserved,  and  which  may  be  referable 
to  P.  Haydaiiij  the  only  kind  of  plant  which  was  not  recognized  in  the 
shale  of  the  main  coal.  The  case  is  clear :  from  all  the  fossil  plants 
described  from  Black  Butte  none  is  referable  to  a  Cretaceous  species ; 
they  are  all  Tertiary,  and  force  the  admission  made  by  Professor  Cope 
in  his  review  (loc.  eit.^  p.  16)  that  here  a  Tertiary  flora  is  contemporaneous 
with  a  Cretaceous  fauna.  Now,  this  flora  is  typical  for  the  com{)ounds 
of  the  coal-strata,  antl,  of  course,  the  coal-strata  are  Tertiary.  What 
shall  be  the  name  of  this  formation  ;  is  it  Cretaceous  on  account  of  the 
saurian  bones,  or  is  it  Tertiary  on  a(MK)unt  of  the  fossil  plants  in  which 
the  skeleton  is  entombed,  and  which  are  found  of  the  same  relation  all 
over  the  Lignitic  formations,  and  at  some  places,  as  at  Golden,  the 
Baton,  &c.,  from  its  base  to  the  upper  strata,  and  which  two  have 
entered  into  the  composition  of  its  essential  strata,  the  Lignite?  No 
geologist,  I  think,  will  hesitate  a  moment  in  pronouncing  it,  from  its 
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land  character,  a  Tertiary  formation,  therefore  giving  the  i)recedeDce  to 
the  fossil  tiora  over  the  fossil  fauna  for  the  determiuatiou  of  the  age  of 
this  formation.  It  is,  then,  evident  that  the  fossil  i)laut8  have  some 
weight  and  must  decide. 

7th.  This  brings  me  to  the  essential  question  which  has  to  be  exam- 
ined in  considering  the  relation  of  the  age  of  the  fossil  plants  of  the 
Ijower  Lignite  of  the  liocky  Mountains. 

Though  the  lioi*a  is  evidently  rehited  to  that  of  the  Tertiary  of  Earoi^e 
by  a  large  number  of  its  species,  it  is,  however,  difficult  to  point  oat  with 
uncontestable  evidence  to  what  stiige  of  this  Tertiary  the  relation  is  the 
more  intimate.  To  come  to  an  understanding  on  this  subject,  we  have 
to  compare  the  American  fossil  species  with  those  known  as  yet  from 
the  ])ublications  of  European  authors,  and  at  once  are  met  with  a 
s<*arcity  of  materials,  especially  from  the  Lower  Tertiary  strata  or  the 
Eocene,  to  which,  considering  the  position  of  the  Lignitic,  its  flora  should 
be  especially  related.  The  Tertiary  of  Europe  seems  to  have  been,  as 
expressed  by  Dr.  Ettinghausen  in  his  Contributions  to  the  Radoboj 
Flora, ''  a  kind  of  universal  vegetable  repository,  representing  tyi>es  of  all 
the  regions  of  the  world ;  a  seminarium,  which  hereafter  dispersed  its 
olispiiiigs  over  the  whole  surface  of  the  earth.''  This  conclusion  is  not 
my  own.  I  should  only  say  that  the  European  Tertiary  formations 
have  been  the  recipient  of  species  representing  an  heterogeneous  vege- 
tation, type  of  multii)le  and  local  changes.  IJut  this  matter  is  out  of  the 
subject;  we  have  only  to  record  the  fact  that,  so  mixed  in  their /ViciVir 
are  the  tioras  of  the  Tertiary  basins  of  the  Old  World  that  ai^  yet  no 
reliable  delimitation  has  been  established  for  the  stages  which  they 
represent.* 

In  considering  the  characrters  of  our  Lower  Lignitic  ilora,  a  critic  has 
asserted  that  its  genera  are  all,  as  wt^ll  as  the  species,  without  relatiou 
to  l']ocene  vegetable  types  of  Europe,  quoting  as  a  proof  of  his  assertion 
the  llora  of  Mount  Bolca,  and  that  of  Sliepey  in  England.  This  last 
flora  is  merely  known  by  fruits  whose  forms  or  species  have  been  de- 
scribed and  figured  by  Bowerbank,  and  which  are  heaped  in  prodigious 
quantity  in  the  so-called  London  clay  of  lilngland.  This  Kocene  floi*a, 
liowever,  cannot  be  taken  for  America  any  more  than  it  has  been  for 
Euroi)e  as  a  i)oint  of  comparison,  for  it  has  no  leaves,  and  its  fruits,  of 
various  and  uncertain  affinity,  have  as  yet  not  been  found  elsewhere  in 
the  Tertiaiy  of  Europe,  except  a  few  Xepaditeft,  merely  mentioned  (not 
described  yet)  from  the  Eocene  of  Mount  Bolca.  These  JShepey  fruits, 
as  ileer  remarks,  are  not  characteristic  of  the  formation,  even  say  noth- 
ing in  regard  to  the  climate  of  the  locality  where  they  are  found,  as,  from 
appearance,  they  have  been  floated  down  some  river  for  a  great  distance, 
an<l  are  jinalogous  to  ju'esent  deposits  of  this  kind  at  the  mouth  of  the 
Ganges.  The  Eocene  flora  of  the  Isle  of  Wight,  at  Alumbay,  is  repre- 
sented by  numerous  leaves  of  Aralia,  Daphnoffene,  Ficus^  Zizyhus^  Cw^al- 
2)inia,  &C.,  which,  according  to  Heer,  have  such  a  marked  tropical  and 
subtropi(!al  character  that  the  fruits  of  8hepey  may  have  been  derived 
from  the  plants  of  this  locality.  These  Alumbay  leaves,  to  quote  the 
same  authority,  are  similar  to  species  of  Mount  Bolca  ;  three  species  are 
identitied  as  the  same,  and  three  others  are  closely  related.  But  also  a 
number  of  them  are  Miocene;  as,  Quercus  lonchitiH ;  Lanrm  primi- 
(jenkx ;  Myriea  (IHandra)  aentUoha  ;  Cattsia  jy/utfieoUics ;  or  four  species, 

*  iSiiicc  wiitiii«j  this,  the  tliinl  and  last  voluiiio  of  W.  P.  Schiiiiper,  Palontolwfie 
m/r.'a/r,  has  appeared.  The  autliur,  considering  the  v(»getabUi  groups  <»f  the  Tertiary, 
diviih'S  the  formation  in  the  live  foHowing  stages:  ralvocinu^  interiue<liate  to  the  Cre- 
ta(!eons  and  Tertiary  ;  Eocenej  OUgocenVj  Aliovetie,  and  Pliocene.  The  relation  of  our  Lig- 
nitic vegetutiou  seenitt  to  Im  \Yith  the  Oligoceue. 
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and  four  other  species,  Laurus  Forhesiij  Daphnogene  angliiMj  Quercus 
Burmensis^  and  Jwjlans  Ldlmrpiiy  are  related  to  Miocene  species  in 
the  same  degree.  From  this,  it  seems,  the  conclusion  should  be  in 
favor  of  a  raore  intimate  relation  of  the  flora  of  Alumbay,  which  is  posi- 
tively recognized  of  Eocene  age,  with  that  of  the  European  Miocene  than 
with  that  of  Mount  Bolca;  for  it  has  only  six  species  identical  or  in 
relation  with  the  Mount  Bolca  flora,  while  it  has  eight,  bearing  the  same 
degree  of  relation  to  the  Miocene.  Some  of  the  species  of  the  North 
American  Lignitic  are  identical  with  or  closely  related  to  those  named 
by  FJeer.  Qtiercus  furcinervis  is  probably  identical  with  Q.Biirmensw;  for, 
in  many  of  the  numerous  American  specimens  of  this  species,  the  absence 
of  an  upper  branch  of  the  lateral  veins,  which,  according  to  Ileer,  is 
tlie  essential  <*haracter  which  separates  these  two  species,  is  positively 
remarked.  Daphnogene  anglica^  is  as  positively  identified  as  it  can  be  from 
the  short  description  given  by  Heer,  it  being  different  from  7).  melaato- 
vKwea  by  the  symmetrical  form  of  the  leaves  and  the  branching  of  the 
lateral  nerves.  Heer  says  that  the  middle  nerve  is  also  branching.  In 
our  specimens  it  is  simple;  in  Unger's  species  neither  the  lateral  nor 
the  middle  vein  branches.  Though  these  species  re-appear  in  some  forms 
of  the  Miocene  of  Europe,  they  should  be  considered,  I  think,  rather  as 
Eocene  than  as  Miocene  types. 

The  Mount  Bolca  flora  is  represented  by  a  large  number  of  specimens 
of  leaves  and  fruits  disseminated  in  the  numerous  museums  of  Italy. 
Until  now  few  of  the  species  which  they  represent  have  been  satisfac^ 
torily  described.  The  little  which  is  known  of  this  flora  is  from  the 
table  of  families  furnished  to  Professor  Heer  by  Professor  Massalongo, 
and  published  with  remarks  in  Fl.  Tert.  Helv.,  (vol.  iii,  p.  275.)  Tliis 
table  has  53  groups  of  plants,  among  which  the  more  numerously  repre- 
sented are:  A///a', 48 species;  Podoeapew^o;  Falmft^l;  Proteace(e,ij;  Erica- 
cea,  10;  SterctiliiVj  1(1;  liuttneriacew^  14;  Mifrtacea\,H^^c. ;  and  among  the 
species  the  most  abundant,  Eticalyptus  ItaUca,  Mass. ;  Eugenia  lauH/olm, 
Mass. ;  Guoifacites  JJeeriij  Mass. ;  Zanthoxylum  amhiguum^  U. ;  Fieus  Boh 
censifi^  Mass.,  which  H(*er  says  is  simihir  toF.  multinerr in  of  the  Miocene; 
ASantalum  memccyloideSj  Mass. ;  AraUa  primigena^  de  la  H. ;  in  all  ten 
species  not  described  but  briefly  remarked  upon  by  Heer.  From  the 
ciiaracters  of  the  Mount  Bolca  flora  as  imlicated  in  this  exposition  of 
Heer,  it  does  not  appear,  indeed,  that  our  Lower  Lignitic  flora  has  any 
marked  relation  to  it ;  but  the  scantiness  of  materials,  together  with 
the  uncertainty  of  the  characters  of  a  number  of  species  named  by 
3Iassalongo,  renders  a  comparison  impossible.  Heer  himself,  in  his  ex- 
position, renuirks  on  this  iusufliciency  of  reliable  characters.  He,  for 
example,  counts  only  four  species  of  Mount  Bolca  as  represented  in  the 
Miocene  of  Europe,  and  a  few  more  as  closely  related  to  Miocene  species. 
He  mentions  among  those  ascending  to  the  Molass  of  Switzerland, 
Banlisiu  longifolia  and  Dryandra  VeronensWy  two  species  which  have 
close  relation  with  species  of  our  Upper  Miocene,  the  Green  Itiver  group, 
rather  than  with  species  of  the  Lower  Lignitic.  Since  Heer-s  short  review 
of  the  Mount  Bolca  flora  was  published,  in  1859,  paleontology  has  not 
received  any  more  precipe  information  in  regard  to  its  characters. 
Schimper,  in  his  Vegetable  Paleontology,  1873,  mentions  only  from  this 
locality,  besides  21  species  of  marine  plants  or  fucoids,  Cyperites  Bol- 
ceniflsj  Mass.,  considered  or  described  formerly  by  the  same  author  as  a 
Flahcllaria;  HaloehJoris  cymodoceoideSj  Ung.,  also  found  at  Soltzka;  Pota- 
mogeton  trUonia^  U.,  and  P.  nayadum^U.',  Typlia  »padw,  Mass., a  species 
which  Schimper  sup|)oses  to  be  made  from  the  leaves  of  some  Cyperace(€; 
Ave  forms  of  CasUdlinw^  fruits  comparable  to  the  Nepadites  of  the  Lon- 
don claj',  representing  probably  a  single  species  j  Latanites  parvuluSy 
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Mass.,  a  palm  ;  Lomatia  Bolcensis,  U. :  L,  laiior^  Heer,  of  which  a  Binatt 
broken  part  is  figured  in  the  Baltic  Flora,  and  to  which  one  of  the  most 
abundant  species  of  Black  Butte  Myrica  Torrcyi^  Lesqx.,  so  much  resem- 
bles by  its  peculiar  nervation  and  by  the  form  of  the  leaves  that  bet- 
ter specimens  only  of  the  European  plants  can  decide  between  positive 
identity  or  a  very  close  relation  ;  Myrica  Mefieghinij  U..  of  a  type  repre- 
sented with  us  in  the  Upper  Tertiary  of  South  Park ;  and  Daphnogene 
Teronenais,  Mass.,  which  Scliimper  compares  to  Cinnamomum  Scheuch- 
zeri.  This  is  all  that  is  positively  known  of  the  flora  of  Mount  Bolca. 
It  is  impossible  to  consider  it  as  a  kind  of  typical  flora  of  the  Eocene  of 
Europe,  and  to  assert  that  if  we  cannot  point  out  any  of  our  Lignitic 
species  as  identical  with  this  flora,  it  is  for  that  reason  deprived  of  the 
character  of  the  Eocene  vegetation. 

France  has  in  the  deposits  of  the  old  Travertins  of  Sezane  a  number 
of  species  whose  tyi)es  seem  to  be  intermediate  between  the  Cretaceons 
species  and  those  of  the  Upper  Eocene.  This  flora  is  known  by  the 
admirable  work  of  Count  Saporta,*  who  describes  in  it  a  ISassafraa 
compai*able  to  S.  Mudgii^  and  leaves  of  Magnolia^  related  to  M.  alternans 
and  M.  eapellini,  three  species  described  from  the  Dakota  group.  A 
number  of  forms  of  this  Lower  Eocene  flora  are  also  related  to  the  Ter- 
tiarj^  species  of  Europe,  especially  to  those  of  the  Mount  Promina  flora; 
and  with  our  Lignitic  flora  it  has  closely  allied  two  of  the  more  charac- 
teristic and  more  abundant  species  of  Black  Butte,  Sfereuliu  variabilis^ 
Sap.,  distinguishable  only  from  Fictis  planicostata  by  the  unequal  lateral 
base  of  the  Euroi>ean  leaves,  and  the  beautiful  Viburnum  giganteum^ 
related,  by  its  size  and  nervation,  to  V.  marginatum.  Besides  this,  it 
has  Asplenium  subcretaceumj  Sap.,  intimately  related  to  the  species  which 
I  have  described  as  Sphenopteris  eocetUea^  most  abundant  at  Golden  f 
CissuH  prima^va  to  C  lobatocrenata,  also  abundant  at  Black  Butte  and  in 
the  Colorado  Lignitic  basin.  Mount  Brosse,  &g.  ;  Comus  platiphylla,  re- 
lated to  C  impressa.  These  all  show  aflinity  ilideed  to  a  flora  so  posi- 
tively marked  as  Lower  Eocene,  that  some  of  its  types  are  still  Cre- 
taceous. 

I  have  admittiHl,  as  indication  of  the  Eocene  age  of  our  Lignitic  flora, 
the  grc^at  abundance  of  fucoidal  remains,  or  of  marine  plants,  in  the 
underlying  sandstone  of  the  Lignitic,  a  character  remarked  in  the  sand- 
stone of  Mount  Bolca,  and  also  of  the  Fly.sh  of  Switzerland.  One  of  the 
lew  species  whicli  I  have  as  yet  been  able  to  describe,  from  the  difficulty 
of  obtaining  specimens,  Ilalhneniten  mitior^  is  known  from  this  last  for- 
mation. Besides  this,  a  comparatively  large  number  of  species  of  ferns, 
someof  them  identical  with  species  of  Promina :  Gfmiopteris  polypodioideft, 
Ett.,  and  iSphenopteriH  eocenica.,  or  with  that  of  Boernstadt:  IHplazium 
Muelleri;  then  a  great  i)roportion  of  remains  of  palms,  referable  to  as 
many  species  as  have  been  described  from  Europe  at  least,  some  of  them 
identical  with  species  of  Promina,  lioernstadt,  Hiiriug,  representing,  like 
Flabellaria  lataniaj  F.  longiraclm^  F,  Zrnkeni,  some  of  the  more  ancient 
forms  of  palms  recognized  in  the  Ctenzoic  times.  The  remarkable  prepon- 
derance of  palm  remains  has  been  mentioned  from  all  the  stations  of  the 
LowerLigniticwherefossil  plants  have  been  discovered :  Vancouver,  Fort 
Cnion,  Black  Butte,  Golden,  Sand  Creek,  Gehrung's,  Cafion  City,  Baton 
^lountains,  Placiere,  the  Mississippi,  &c.  They  have  given  to  the  vege- 
tation of  the  epoch  a  subtropical  character,  marked  still  by  a  number  of 
species  of  Ficus  of  the  broad-leaved  and  palmately- three-nerved  group, 
most  of  tbem  new  species,  and  none  of  the  type  of  the  lanceolate-pinnately- 
nervod  leaves  like  Ficus  lanceolata,  F,  nnUtinenns,  &c.,  which,  with  us 

*  Prodrome  d'uue  flore  fossile  des  Travertius  ancieiis  do  Sezane,  (1868.) 
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at  least,  represent  types  of  the  Upper  Mioeeiie  only.  Among  species  of 
the  other  genera  of  Eocene  type,  the  Lignitic  flora  has  still  Myrica  Torreyi 
of  Black  Butte,  possibly  identical,  as  seen  above,  with  a  Lonnaiia  of  Moant 
Bolca ;  three  species  of  Platanus :  P.  Haydenii,  P.  Rayrioldsiy  P.  rhom- 
boideSj  without  any  affinity  with  any  of  the  Cretaceous  or  of  the  Miocene 
species  known  as  yet ;  Artocarpidium  olmeditcfolium^  U.,  described  by 
the  author  from  Sotzka ;  a  fine  new  species  of  Pismiia,  P.  racemosUy 
allied  to  P.  eocenica^  Ett.,  of  Baring,  as  well  by  the  seed  (or  unopened 
buds)  as  by  the  leaves ;  Daphnogene  angliea  (T),  which  has  been  remarked 
upon  as  found  at  Alumbay ;  two  species  of  Nelumbiunij  related  to  J\r. 
Buchij  Ett.,  of  Promina;  Eucalyptus  Hdrinffia^ia,  of  Hiiring;  Domhey- 
opsis  grandifolia,  U.,  of  Sotzka ;  a  number  of  species  of  Rhamnua  of  a 
peculiar  type,  comparable,  by  the  form  of  the  leaves  and  the  nervation, 
to  tropical  species  of  Bridelia.  These  can  be  considered  as  already 
giving  to  the  flora  of  the  Lignitic,  in  comparing  it  to  that  of  Europe,  an 
Eocene  facies. 

But  we  have  in  America  a  more  reliable  point  of  comparison,  still 
forcing  the  conclusion  that  if  even  the  Lignitic  flora  of  the  Bocky  Mount- 
ains had  no  relation  whatever  to  that  of  Europe,  it  should,  notwith- 
staudiug,  be  considered  as  Eocene.  I  allude  to  the  flora  of  the  Missis- 
sippi, described  from  very  good  specimens  obtained  from  such  a  lower 
stratum  in  the  Tertiary  that  its  reference  to  this  formation  rather  than 
to  the  Cretaceous  was  for  a  long  time  uncertain.  In  the  Geological  Be- 
port  of  the  State  of  Mississippi,  Prof.  Eug.  V.  Hilgard  has  given  (p.  108) 
a  section  of  the  general  distribution  of  the  strata  in  the  geological  for- 
mations of  the  State,  marking  the  place  of  the  Lignitic  of  the  Missis- 
sippi State  and  of  the  formations  where  his  fossil  plants  were  found  as 
underlying  the  Vicksburgh  and  Claybonie  beds,  which  form  the  upper 
stage  of  the  American  Eocene,  the  Lignitic  representing  the  lower  one. 
The  correlation  of  the  Mississippi  fossil  flora  with  that  of  Golden  and 
of  Black  Butte  is  evident  enough.  Of  the  Mississippi  plants,  the  fol- 
lowing have  been  recognized  in  the  Western  Lignitic:  Sabal  Orayana^ 
Vancouver ;  Populus  monodon^  Baton  Mountains ;  P.  mutabiliSn  Black 
Butte,  Baton  Mountains,  Vancouver ;  Quereus  chlorophylUij  Golden ; 
Quercus  orasHinerviSj  Vancouver ;  Fiatis  Schimperi,  intimately  related  to 
F.platinerviSy  as  widely  represented  at  Black  Butte,  Golden,  &c.,  as  the 
former  is  in  the  South ;  Laurtis  pedata,  Baton  Mountains ;  Cinnamomum 
Mississippiense^  one  of  the  most  prevalent  species  of  the  Western  Lig- 
nitic; Magnolia  Hilgardiana^  Baton  Mountains;  M.  Lesleyana^  Baton 
and  Golden.  This,  without  mentioning  a  number  of  closely-allied  spe- 
cies and  the  identity  of  genera,  gives  to  both  the  floras  of  the  Mississippi 
and  of  the  Western  Lignitic  formation  a  general  character  which  can  but 
be  recognized  as  identical. 

After  all  this,  we  remark  in  our  Eocene  flora  some  characters  which 
may  be  called  negative,  namely,  the  absence  of  certain  groups  of  plants 
represented  either  in  the  Cretaceous  or  in  the  upper  groups  of  the 
Tertiary.  No  species  has  been  discovered  in  the  Lignitic  which  had 
been  described  from  the  Dakota  group.  This  is  the  more  remarkable 
that  some  i)eculiar  tyi)es  of  this  group,  like  Liriodendron^  Sassafras^ 
&c.,  re-appear  above  the  Lignitic  in  the  Evauston  or  second  group, 
and  in  still  greater  numbers  in  more  recent  Tertiary  divisions;  and 
that  even  one  of  its  rare  species,  Cinnamomum  Scheuchzeriy  is  also 
absent  until  now,  at  least  in  the  lower  group,  and  present  in  the 
same  second  group  and  above.  Heer  remarks,  in  considering  the  fossil 
flora  of  Mount  Bolca,  the  absence  of  representatives  of  a  number  of 
genera  or  families  which  take  an  important  place  in  the  Miocene,  thus : 
SalicineWj  AcerineWj   CupuliferWy  Betulaoeas^    Ulmacew^  AMttinew,^    &c. 
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The  absence  of  tboso  types  is  us  remarkable  in  the  Lignitic  flora 
as  in  the  Eocene  of  Mount  Bolca.  While  the  upper  gix>up  of  our 
Tertiary  abounds  with  conifers,  Ahietinccej  II  species  in  81,  the 
l-iower  Lignitic  has  only  two,  one  as  yet  of  uncertain  affioity, 
Ahktitcs  dubluSj  and  two  species  of  Salisburiay  in  nearly  200  sijecies ; 
of  the  i^alicinew  it  has  only  three  species,  two  of  which,  Salix  tabellaris 
and  S.  densinervis^  Ijoth  described  from  the  Mississippi  Eoi»ene,  are  on- 
certain,  the  last,  perhaps,  an  Acacia.  It  has  also  no  si)ecics  of  Acer^ 
none  of  Betula^  Alnui<,  Carpinus^  Corylm^  &c. ;  no  species  of  UlmuSj 
except  one  doubtful,  with  entire  borders ;  ior  it  is,  indeed,  the  abseooe 
of  leaves  with  dentate  or  si*rrate  borders  which  is  the  more  remarkable 
character  of  this  group  as  well  as  of  the  Cretaeeous ;  Quercus  furci- 
nerv'iH  and  Q.  saffonli^  (perhaps  a  Myriva^)  make  with  the  Viburnum 
ttuKjinatum  and  its  related  species  an  exception,  which  is  also  remarked 
in  the  Creta<;eous  types  Q.  primordialis  and  some  peculiar  leaves  with 
equal  teetb  turned  outside  and  separated  by  obtuse  sinuses,  just  of  the 
same  form  as  in  this  Viburnum  of  the  Eocene.  It  is  not  to  be  deuied, 
as  seen  in  tbe  comparative  table,  that  a  number  of  species  of  our  Lower 
Lignitic  are  found  in  the  two  following  groups  of  Evanston,  Carbon,  and 
even  a  few  in  the  Green  Kiver  group.  But  we  have  seen  the  same  in 
the  Eocene,  even  tbe  Lower  Eocene  flora  of  Europe,  and  cannot  from  this 
reason  aduiit  that  our  Lower  Lignitic  flora  is  not  Ei)cene,  Liecause  some  of 
its  tyi)es  have  passed  up  to  the  other  groups  of  the  Tertiary. 

§  2.— DISTRIBUTION  OF  THK  FOSSIL  PLANTS  IN  THE  DIFFER- 

ENT  GROUTS  OF  THE  TERTLVRY. 

Tiie  succession  of  the  strata  of  the  Lower  Lignitic  in  relation  to  the  dis- 
tribution of  tbe  coal  strata  and  to  tbat  of  the  fossil  plants  which  character- 
ize the  formation  is  not  positively  known.  The  section  at  the  Raton 
Mountains  near  Ti  inidud  records  an  alternation  of  sandstone,  shale,  elay- 
Ih.hIs,  &c.,  .'^00  feet  tbick,  with  five  beds  of  lignite,  measuring  altogether 
II  feet  0  inches.  Here  tbe  fossil  plants  are  found  in  sandy  shale  at  the 
base  of  No.  0  or  in  tbe  upper  part  of  No.  7  (Report  for  1872,  p.  319)  in 
tbe  middle  of  tbe  section.  At  Canon  City,  as  indicated  by  Mr.  Clark's 
section,  [lov,  cit,^  p.  323,)  tbe  main  coal  2  leet  2  inches  is  overlaid  by 
shale,  clay  or  thin  coal,  and  a  sandstone,  over  which,  in  No.  15,  are  found 
leaves  of  ISabal  and  of  Flatauus  Uaydeniij  about  70  feet  above  the  coal. 
At  G(»brung\s  coal,  near  Colorado  City,  a  shale  bearing  an  abundance  of 
tSabal  leaves,  FicuH,  PlaianuH  Jlaydenli^  and  J^hamnuSj  is  also  from  00  to 
75  feet  above  tbe  <M)al  opened  near  by  at  tbe  base  of  a  compact  sandstone. 
From  Marshall  a  detailed  section  has  been  publisbed  by  Dr.  Hayden 
in  bis  Report  for  1809,  (second  edition,  p.  12!),)  plaeing  tbe  strata  bearing 
fossil  i)lants  at  No.  22,  about  in  tbe  middle  of  tbe  section,  200  feet  higher 
t  ban  tbe  lower  main  coal,  and  about  200  feet  from  the  top.  As  far  as 
1  know,  and  from  tbe  exi)lorations  of  others  as  well  as  from  my  own,  no 
other  strata  beariiig  identitiable  plants  have  been  remarked  in  this  sec- 
tion. 

At  Erie,  the  coal  8  to  0  feet  is  worked  near  tbe  surface;  its  soft  sandy 
shale  is  profusely  mixed  with  remains  of  plants,  which,  to  my  regret,  could 
not  be  exauiined  sutliciently.  They  represent  a  few  species  of  the  Lower  Lig- 
nitic of  Golden,  and  also  some  remarkable  vegetable  fragujents  represent- 
ing spe(;ies  not  found  elsewhere.  As  the  underlying  strata  are  not  known, 
tbe  position  oftbiscoal  in  tbe  Lower  Tertiary  measures  could  not  be  ascer- 
tained. At  Rlack  Butte,  the  main  coal, overlaid  by  soft  shaly  sandstone, 
with  fossil  i)lants  in  abundance,  a  stratum  which,  as  remarked  before, 
is  the  equivalent  of  the  Saurian  bed,  is  here  apparently  at  the  upper  part 
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of  a  section  of  1,000  feet  of  measures  of  the  productive  lignitic*  In  going 
west  toward  Point  of  Eocks,  in  a  contrary  direction  to  tbe  dip  of  the 
strata,  tbe  Hallwell  coal,  a  workable  bed,  and  otber  Lignitic  beds  of  unim- 
portant thickness,  are  passed  until  reaching  the  abrupt  terminus  of  the 
ridge  near  Saltwell.  No  remains  of  fossil  plants  were  found  in  connection 
with  any  of  these  coal  strata.  From  Hallwell  to  Eock  Springs,  the  dip 
of  the  measures  is  to  the  west  until  the  upper  strata  of  Lignitic  are 
reached.  Near  this  last  place,  a  bed  of  coal  4  feet  thick  is  passed, 
two  miles  before  reaching  the  station,  and  here  the  main  coal,  100 
feet  higher,  is  worked  6  to  9  feet  thick.  I  was  not  able  to  discover  any 
fossil  plants  in  the  whole  thickness  of  the  measures,  and  at  Rock  Springs 
the  coal,  which  is  evidently  one  of  the  highest  of  this  group,  has 
not  any  other  plants  but  the  fucoidal  HaUmenites.  Its  shale,  however, 
is  mixed  with  a  profusion  of  shells.  Considering  this,  it  would  ap- 
pear that  the  upper  beds  of  the  Eocene  Lignitic  are,  in  Wyoming,  the  re- 
positories of  fossil  plants.  At  Golden  we  have  perhaps  the  best 
evidence  concerning  the  distribution  of  the  fossil  plants  in  relation  to 
Lignitic  strata.  The  lowest  strata  of  coal,  in  close  proximity  to  the  Cre- 
taceous, and  tilted  up  to  the  perpendicular,  are  interlaid  by  beds  of  white 
hard  sandstone,  which  all,  three  of  them  at  least  in  succession,  have 
identiiiable  remains  of  fossil  plants.  The  lowest  sandstone  has  espe- 
<;ially  some  species  of  Fucoids,  among  which  the  fine  Delesseria  fulva^  to- 
gether with  a  quantity"  of  Sabalj  Bhamnus  Goldianus^  Flatanus  Haydenii^ 
Qucrcus  anguHtUoha^  &c.  Under  the  basaltic  deposits,  which  cover  the 
Lignitic  on  the  eastern  side  of  the  valley,  half  a  mile  distant  from  the  Lig- 
nitic beds,  the  fossil  strata  bearing  plants  are  horizontal;  at  some  places 
composed  of  soft  white  clay,  as  east  of  Golden,  on  the  slopes  of  North 
Table  Mountains ;  at  others,  of  shaly  sandstone,  as  northeast  of  the 
School  of  Mines,  on  South  Table  Mountains.  These  deposits  are  all 
about  at  the  same  altitude  of  300  feet  above  Clear  Creek,  60  to  100  feet 
lower  than  the  base  of  the  lava-beds.  They  all  contain  not  only  the  same 
types  but  mostly  the  same  species  of  fossil  plants  as  the  sandstone,  inter- 
lying  the  Lignitic  beds  in  proximity  to  the  Cretaceous.  It  therefore 
appears  from  this  that  the  flora  of  the  Lower  Lignitic  has  the  same  char- 
acters in  the  whole  thickness  of  the  measures.  There  may  be,  of  course, 
some  diiference  in  the  species,  or  a  predominance  of  some  kinds  at  a 
higher  or  lower  station,  but  the  difference  has  not  been  yet  remarked. 

LIST  OF  THE  SPECIES  OF  THE  FIRST  GROUP. 

[Abbreviatious  for  nniiK^  of  localities,  &.C.:  R.,  Raton  Monntains;  P.,  Placi^re  ;  G., 
(>f)Iden  ;  M.,  Marshairs ;  S.  Cr.,  Sand  Creek ;  B.  B.,  Black  Butte  ;  Y.  St.,  Yellow  Stone  ; 
Miss.,  Mississippi ;  V.,  Vancouver ;  Mo.,  Miocene ;    Gr.,  Group.] 

Spheria  lapidea,  Lesqx. — K. 

H.  myri(*{e,  Lesqx. — B.  B. 

SclcTotinm  rubellum,  Lesqx. — G. 

Opegraplia  antiqua,  Lesqx. — B.  B. 

Chondrites  subsimi)lex,  Lescfx. — R. 

C  bulbosus,  Lesqx. — li. 

Delesseria  fulva,  Lesqx. — G. 

]>.  incrassata,  Lesqx. — R. 

D.  linguhita,  Lescjx. — R. 

Halymenites  striatus,  Lesqx. — G.,  R. 

H.  major,  Lesqx. — G.,  R.,  B.  B.,  (Gr.  2,  3.) 

"  Professor  Meek  estimates  it  to  at  least  double  this  thickness,  and  considers  the  lower 
iinpro<luctive  strata  of  this  formation  as  Cretaceous.  No  evidence  is  afforded  on  this 
Miibjiict  by  vegetable  remains. 


\ 
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H.  minor,  F.  Os. — G. 

Woodwardia  latiloba,  sp.  nov. — G. 

W.  latiloba,  var.  minor. — B.  B. 

Pteria  penno^formis,  H. — G.,  Mo.  -^ 

P.  ancepSy  Lesqx. — G. 

l\  affinis,  Bp.  nov. — G. 

P.  erosa,  Leaqx. — li.  G.  (Gr.  4.) 

P.  subaimplex,  sp.  nov. — G. 

P.  Gardneri,  sp.  nov. — S.  Cr. 

Diplazium  Muelleri,  Heer. — G. 

Aspidium  goldianam,  sp.  nov. — G. 

Goniopteris  i>olypodioidPS.  Ett. — S.  Cr. 

Spbenopteris  eocenica,  Ett. — G. 

S.  membranacca,  sp.  nov. — G. 

S.  uij^ricaus,  sp.  nov. — B.  B. 

Hynieuopbyllum  contusum,  sp.  nov. — G. 

Gymnogramma  Haydenii,  Lesqx. — R.,  (Gr.  2.) 

Lygodium  eompactum,  Lesqx. — Miss. 

Selaginella  Bertboudi,  sp.  nov. — G. 

Equisetum  laiivigatiim,  sp.  nov. — IS.  Cr. 

Sequoia  Laugsdorfi,  A.  B., — B.  B.  V. — Mo.,  (Gr.  4.) 

Abietites  dubius,  Le8<ix. — K.,  G.,  (Gr.  2.) 

Salisbnria  binervata,  Lesqx. — Miss. 

S.  i>olymorpba,  Lesqx. — Y.  (Gr.  2.) 

Arondo  Goepperti,  A.  Br.— K. — Mo. 

Pbragmites  wningeusis,  A.  Br. — B.,  G.,  M.,  B.  B.— Mo.,  (Gr.  2,  3,  4.) 

Carex  Bcrtboadi,  Lesqx. — G. 

Smilax  grandifolia,  U. — G. — ^Mo.,  (Gr.  3.) 

S.  obtnsaugula,  Heer.— B.  B. 

Sabal  Grayana,  Lesqx. — Y.,  Miss. 

S.  Canipbellii,  Ny.— fi.,  G.,  B.  B.,  &c. 

S.  Goldiana,  sp.  nov. — G. 

8.  major,  U. — G. 

Flabellaria  zinkeui,  Heer. — G. 

F.  latania,  St. — G. 

F.  eocenica,  Les<ix. — B.  B. 

F.  longiracbis,  U. — R.,  Y.  St. 

F.  fructifera,  sp.  nov. — G. 

Calamopsis  Danai,  Lesqx. — ^Miss. 

Palmacites,  species. — G. 

Caiiliuites  sparganioides,  Lesqx. — B.  B.,  (Gr.  2  and  3.) 

C.  fecunda,  Lesqx. — M. 

Eriocaulon  porosum,  sp.  nov. — S.  Cr. 

Zingiberites  undalatus,  sp.  nov. — G. 

llhizocaulon  gracile,  sp.  nov. — B.  B. 

Populus  attenuata,  Goepp. — G.,  B.  B. — Mo.,  (Gr.  3.) 

P.  uionodou,  Lesqx. — Miss.,  R. 

P.  mutabilis,  A.  Br. — B.  B.,  Miss.,  R.,  V. — Mo.,  (Gr.  2  and  3  in  var.) 

P.  balsanioides,  Goepp. — P. — Mo.,  (Gr.  2.) 

P.  leu<  opbylla,  U.—B.  B.— Mo.,  (Gr.  2.) 

P.  beliadum,  U. —  G. — Mo. 

Salix  integra,  A.  Br. — G.,  B.  B. — Mo. 

S.  tabellaiis,  Le.sqx. — Miss. 

S.  (f)  densinervis,  Lesqx. — Miss. 

Myrica  Torreyi,  Lesqx. — B.  B. 

M.  Torreyi,  var.  minor. — S.  Cr. 

Betula  gracilis,  sp.  nov. — G. 
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Ulmiis  irregularis,  Lesqx. — E.,  G. 

Celtis  brevifolia,  Lesqx. — Miss. 

Qaercns  atigustiloba,  A.  Br. — G. 

Q.  Moorii,  Lesqx. — Miss. 

Q.  ])latinervis,  Lesqx. — V. 

ii,  Lyelii,  Heer. — Miss. — Mo. 

Q.  retracta,  Lesqx. — Miss. 

Q.  chlorophylla,  U. — G.,  Miss. — Mo.,  (Gr.  2.) 

Q.  triangularis,  Goepp. — G. — Mo. 

Q.  stramiueus,  Lesqx. — G. 

Q.  Wyomiugiaua,  Lesqx. — B.  B. 

Q.  furciiiervia,  Eossm. — Oregon,  G. — Mo. 

Q.  Gohliauus,  sp.  nov. — G. 

Q.  Saffbrdi,  Lesqx. — Miss. 

Q.  crassinervis,  IJ. — Tenu.,  V. 

Q.  multinervis,  Lesqx. — Y. 

Q.  Benzoin,  Lesqx. — Y. 

Q.  myrtitblia(!),  W. — Miss. 

Q.  attennata,  Goepp. — S.  Cr. 

Q.  Cleburni,  sp.  nov. — B.  B. 

Fagns  feroiiije,  U. — G. — Mo.,  (Gr.  4.) 

Fieus  Schimperi,  Lesqx. — Miss. 

F.  cinnauiomoides,  Lesqx. — Miss. 

F.  tili«folia,  Al.  Br.— P.,  B.  B.,  S.  Cr.,  G.,  &c.— Mo.,  (Gr.  2  and  3.) 

F.  i)lanicostata,  Lesqx. — B.  B. 

F.  planicostata,  var.  latifolia. — B.  B.,  M. 

F.  planicostata,  var.  Goldiaua — G.,  8.  Cr. 

F.  Clintoni,  Lesqx. — B.  B. 

F.  asarifolia,  Ett. — G. — Mo. 

F.  zizypboides,  sp.  nov. — G. 

F.  spectabilis,  Lesqx. — G. 

F.  auriculata,  Lesqx. — G.,  (Gr.  2.) 

F.  truncata,  sp.  nov. — G. 

F.  corylifolia,  Lesqx. — B.  B. 

F.  nlniifolia,  Lesqx. — R. 

F.  Ilaydenii,  Lesqx. — B.  B. 

Platanus  Raynoldsii,  Ny. — B.  B. 

r.  Ilaydenii,  Ny. — G.,  li. 

P.  rliomboidea,  sp.  nov. — G. 

P.  Guillelmae(?),  Goepp.— B.  B.(!),  R.— Mo.,  (Gr.  3.) 

Artoearpidium  olmediiefolium,  U. — G. — Mo. 

Pisonia  racemosa,  sp.  nov. — B.  B. 

Laurus  pedata,  I^esqx. — R.,  Miss. 

L.  colonibi,  Heer. — V. 

Persea  lancifolia,  Lesqx. — Miss. 

Benzoin  antiquum,  Heer. — B,  B.,  G. — Mo. 

Ginnamomum  Mississippiense, Lesqx. — Miss.,  R.,  P.,  O.,  M.,  (Gr.2and  3.) 

C.  liosswia^ssleri,  Heer. — G. — Mo.,  (Gr.  2.) 

C.  Heerii,  Lesqx. — Y. 
Elieagnus  ina^qualis,  Lesqx. — Miss. 
Banksia  helvetica,  Heer. — Miss. — Mo. 
Andromeda  Grayana,  Heer. — R.,  Y. — Mo.,  (Gr.  2./ 
A.  dubia,  Lesqx. — Miss. 

A.  vacciniietbliiB  affinis. — Miss. 
Diospyros  stenosepala,  Heer. — ^Y.  St. — ^Mo. 

D.  bmchysepala,  Heer. — S.  Cr.,  B.  B. — ^Mo. 
D.  lancifolia,  Lesqx. — Y.,  (Gr.2.) 
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D.  anceps,  Heer. — B.  B. 

Sapotocites  americauus,  Lesqx. — Miss. 

Vibiiruurn  inar^j^iiiatum,  Lesqx. — B.  B. 

V.  Wyniperi,  Heer. — B.  B. — Mo. 

V.  coDtortum,  Lesqx. — B.  B. 

V.  Lakesii,  sp.  uov. — Cr. 

V.  uiehotoiiumi,  Lesqx. — B.  B.,  K. 

Coriius  iiHH)nq)leta,  Lescjx. — M. 

C.  8tii(leri,  Heer.— G.— Mo.,  (Clr.  2.) 

C.  Hohiiesii.  sp.  nov.,  8.  Cr. 

C.  orbifera,  Heer. — G. — Mo. 

Cissiis  laevigata,  Les(ix. — (L 

C.  lolmto-crenata,  Les(ix. — B.  B.,  (Or.  2.) 
Vitis  trieuspidata,  Heer. — B.  B. — Mo. 
Xeluinbiiini  tenuiibliuin,  sp.  iioy. — S.  Cr. 
K.  Lakesianiiin,  S]).  nov. — G. 

Magnolia  Hilf^anliana,  Lesqx. — R.,  Miss.,  (Gr.  2.) 

M.  laiirifolia,  Lesqx. — Miss. 

M.  Lesleyana,  Lesqx. — G.,  Miss.,  R. 

M.  ovalis,  Lesqx. — Miss. 

M.  corilifolia  Lesqx. — Miss. 

M.  Inglelielili,  Heer.— B.  B.— Mo.,  (Gr.  3.) 

Terniinalia  radobojeiisis,  U. — R. — Mo. 

Asiinina  (?)  leioearpa,  L(»s<|x. — Miss. 

Eaealyptus  Hioringiana  (?)  Ktt. — B.  B. — Mo. 

McClintockia  Lyallii  (1)  Heer. — 1^.  B. — Mo. 

DoDibeiopsis  trivial  is,  Les<ix. — G. 

I),  oecidentalis,  Lesqx. — G. 

I),  grandilolia  (t),  U.— G.— Mo. 

D.  obtnsa,  Lesqx. — R. 
Acer  (?)  seereta,  Lescjx. — B. 
Sapindiis  undulntns,  Lescjx. — Miss. 
8.  eandatns,  T^esqx. — G.,  B.  B. 
Aleiirites  eo<!eniea,  Iit»s(ix. — B.  B. 
Zizyplius  distortus,  sp.  nov. — G. 

Pali  urns  zizyphoides,  Les<ix. — B.  B.,  M. 

Ceunotlins  tibrillosns,  Lesqx. — G.,  B.  B. 

liercheniia  parvilblia,  Les<|x. — G.,  R. 

Rhaninus  luar^inatns,  Lesqx. — Miss. 

Jv.  obovatns,  Les(|x. — G.,  IJ.,  M.,  (Gr.  2.) 

R.  deletns,  Heei. — K. — Mo. 

R.  KiscluMi,  Les(|X. —  \l. 

R.  salitMiolins,  liesqx. — ^F.,  G.,  B.  li. 

R.  rectiiiervis,  Meer. —  B.  B.,  (r.,  M, — Mo.,  (Gr.  2.) 

R.  Declienii,  Wob.— 15.  B.— Mo. 

ii,  aenniinatiroliris,  \V. — G. — Mo. 

R.  Goldiiinns,  Ij'Sijx. — G. 

R.  Goidianus,  var.  latior. — G. 

R.  debnini,  Lesqx. — G.,  B.  B. 

Jt.  discolor,  Les(ix. — B.  B. 

it.  inuMiualis,  sj).  nov. — G. 

R.  alaternoid<*s  Heer. — G. — Mo. 

R.  Meriani,  Heer. — B.  B. — Mo. 

Xantboxylon  dubinni,  Lesqx. — R. 

Jnglans  appressa,  Lestjx. — Miss.,  (Gr.  2.) 

J.  Saffordiana,  Lesqx. — Miss. 

J.  rugosa,  Lesqx. — M.,  G.,  B.  B.,  (Gr.  2  and  3.) 
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J.  Smithsoniana,  Lesqx. — E.,  G. 

J.  Schimperi,  Lesqx. — G.,  M.,  (Gr.  4.) 

J.  rbainDoides,  Lesqx. — G.,  B.  B.,  (Gr.  2.) 

J.  Baltica  (f )  Heer.— B.  B.— Mo. 

Cercis  eoceuica,  Lesqx. — M . 

Pbyllites  truucatus,  Lesqx. — Miss. 

P.  Maboniiei'ortnis,  Heer. — V. 

Carpolithes  palmarum,  Lesqx. — B.  B.,  G.,  li.,  (Gr.  2.) 

C.  falcatus,  Lesqx. — B.  B. 

C.  8i)irali8,  Lesqx. — P. 

C.  compositus,  Lesqx. — P. 

0.  Mexicanus,  Lesqx. — P. 

REMARKS  ON   JHE  SPECIES  OF  THE  FIRST  GROUP. 

In  looking  for  the  species  which  characterize  essentially  this  group, 
and  may  be  considered  as  leading  species  ot*  the  Lower  Liguitic,  we  have 
first  to  eliminate  those  which,  as  omnipresent  Tertiary  species,  are  about 
equally  distributed  in  at  least  three  stages  of  the  Tertiary  measures. 
They  are  considered  as  typical  for  the  whole  epoch,  but  cannot  be 
taken  as  characteristic  of  any  of  its  subdivisions,  no  more  in  this 
country  than  in  Europe,  where  they  have  the  same  general  distribution. 
Among  them  we  count:  Sequoia  Langadorji^  Phragmites  (EningensiSj 
Arundo  Qctpperti^  Platanus  €huillelm(ej  Ficus  iUiccfolia^  Cinnamomum 
StKeuchseri,  RImmnuH  rectinerviSj  Juglans  rugosa  and  the  closely  allied 
Ji^lans  acuminata,  Cinnamomun  Seheuchzeri  has  not  been  yet  discovered 
in  the  Lower  Lignitic,  but  has  been  recently  found  in  the  Cretaceous 
strata  of  the  Dakota  group.  Of  the  species  as  yet  known  only  from 
American  specimens,  the  ones  more  generally  recognized  at  different 
localities  of  the  Eocene  Lignitic,  are :  AH  the  fucoidal  or  marine  remains 
of  plants,  especially  Halimenites  major  ;  and  in  the  other  classes:  Abie- 
tites  dubius^  most  of  the  species  of  Sahal  and  Flabellaria^  especially 
S,  Campbellii^  IS.  Grayana  ;  Caulinites  »parganhide8^  Populus  monodon, 
Myrica  Torreyi^  Querctis  crassinervis^  Ficus  planicostata  and  its  varieties, 
Ficus  auriculata^  Platanus  Ilaydenii,  P,  RaynoldM^  Laurus  pedata^ 
Cinnamoimnn  Mississiiypiense^  Viburnum  marginatum^  Y,  dichotomum^ 
Cissus  lobatocrenata,  Magnolia  Hilgardiana^  M.  Lesleyana^  Sapindus 
caudatMSy  Paliurus  zizyphoides^  Ceanothu^  fibrillosus^  Rhamnus  obovatus^ 
R,  salicifoliuH^  R,  Goldianus^  R.  Cleburni^  Juglans  Smithsoniana,  and  J. 
Hhamnoides,  To  this  list,  already  numerous,  we  have  to  add  the 
European  species  of  the  Lower  Tertiary,  recognized  in  the  same  circum- 
stan(K»s  as  the  former,  Flabellaria  latania,  F,  longiraclm,  Quercus  chloro- 
phyllaj  Q,  angusfiloba,  and  those  which  have  been  already  compared  to 
Eocene  species  of  Europe,  and  found  identical  and  closely  allied  to  them. 
These,  however,  have  a  less  extensive  distribution  than  those  mentioned 
above,  not  only  considering  the  horizontal  but  also  the  vertical  distribu- 
tion. Xone  of  them  has  been  seen  at  a  higher  stage  of  the  American 
Tertiary,  while  of  the  others,  Halimenites  major,  Caulinites  Spar- 
ganioides,  Cinnamomum  Mississippiense,  Cissus  lobato-crenata,  Magtiolia 
Ililgardiana,  Rhamnus  obovatus,  ascend  up  to  the  second  group.  Even 
the  four  first  species  named  above  have  representatives  in  the  third 
division  of  the  Tertiary. 

In  considering  the  species  of  the  whole  list  in  regard  to  their  vertical 
distribution,  we  find  25  species,  or  13  per  cent.,  represented  in  both 
groups  1  and  2 ;  11  species,  or  G  per  cent.,  ascend  to  group  3,  and 
only  5,  or  2^  per  cent.,  to  the  upper  division.  Of  these,  Pteris  pe^i- 
naformisy  Fagu^  feroni<e,  and  Juglans  Schimperi  have  not  as  yet  been 
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foimd  in  the  interuuMliate  groups.  I  have  placed  in  the  table  of  the  first 
group  the  species  of  fossil  plants  described  from  the  Lower  MissiBsippi 
Tertiary,  in  order  to  show  their  relation  to  speciesof  the  Western  Llguitic, 
a  relation  which  has  been  remarked  already.  For  the  same  reason,  the 
species  of  Vancouver,  described  from  the  specimens  of  Dr.  Evans,  are 
placed  in  the  table,  indicating,  with  the  tlora  of  the  lower  group,  a  rela- 
tion as  evident  as  that  of  tlie  Mississii)pi  tiora  by  ISequoia  Langndorfi^  one 
of  the  universal  Tertiary  species ;  Salinhuria  polymorpha^  recognized  at 
Spring  Canon  or  of  the  second  group ;  t<ahal  Grayana^  of  Mississippi ; 
PopuluH  muUibUiH^  QucrcuH  crasHinerris^  described  from  Mississippi  S|>eei- 
mens  in  the  Geological  Report  of  Tenncssre;*  (JitcrcnttplatinerriJi^f  whose 
nervation  is  similar  to  that  of  Fi'chm  i^hmiapsiala,  Laiinin  (^olmnln  is 
described  by  lleer  in  his  flora  of  Vanccmver,  together  with  Sequoid 
LangHdorfi^  Androvieda  Graymia^  and  D'umpyrnH  lami/olUu  These  two 
last  species,  liowever,  are  irom  lUizzard  Inlet,  and  are  probably  refer- 
able to  an  upper  stage  of  the  Eocene,  as  they  awend  to  the  second  ^oup 
in  our  Western  Lignitic  measures.  The  little  known,  therefore,  of  the 
Vancouver  flora  refers  it  to  this  lower  stage  of  the  Tertiary. 

LIST  OF  THE   SPECIES  OF  THE  SECOND  GROUP. 

[Naiiien  of  localiticH  and  nbrevintioiiH :  E.,  KvatmtoD ;  f?p.  C,  Si)riDg  Gallon,  near 
Fort  EHis;  Tr.  Cr.,  Troubltwmio  deck  ;  Mt.  Br.,  Mount  HrcHse;  E.  Cr.,' Elk  Creek; 
Y.  S.  L.,  Koutliem  borders  of  YeUowatonc  Lake  ;  B.  B.,  ]Mlin>;buni  Bay ;  Mo.,  Miocene; 
Gr.  Group.]  ^fi. 

Halymenites  major,  Lescjx. — E.,  ((xr.  1  anil  3.) 

Gymnogramma  llaydenii,  Lesqx. — Sp.  C,  (Gr.  1.) 

Equisetum  (!)  limosum  (f)  Lesqx. — Y.  S.  L. 

Abietites  dubius,  Lesqx. — Sp.  C,  (Gr.  1.) 

Abies  setigera,  Ijesqx. — Sp.  O. 

Salisburia  polymorpha,  Lescjx. — Sp.  C,  (Gr  1.) 

Phragmites  (Eningensis,  A.  Br. — E. — Mo.,  (Gr.  1,  3,  4.) 

P.  Alaskana,  Ileer. — Sp.  0. — Mo. 

Cyperites  angustior,  A.  Br. — E.  Cr. — Mo. 

Cyperus  chavannesis,  Heor — E. — ]Mo. 

Gaulinites  Sparganioides,  Lesqx. — Sp.  C,  (Gr.  1.) 

PoiJulus  arctica,  Heer. — E.,  Tr.  Cr. — Mo.,  (Gr.  3.) 

P.  mutabilis,  var.  lancifolia,  U. — Sp.  C. — Mo.,  (Gr.  1  and  3.) 

P.  mutabilis,  var.  n»i)ando-crenata,  II. — E.,  Sp.  C. — Mo.,  (Gr.  1  and  3.) 

P.  balsamoiiles,  Gp. — Y.  S.  L. — Mo.,  (Gr.  1.) 

P.  leucophvlla,  U.— Sp.  C— Mo.,  (Gr.  1.) 

P.  ovali8(?),  Gp— E.— Mo. 

P.  Zaddachi,  lleer. — Sp.  C. — Mo. 

Salix  Grcenhuuliea,  lleer. — Sp.  C. — Mo. 

S.  Evaustoniana,  Lesqx. — E. 

S.  angusta,  A.  Br.— Sp.  0. — Mo.j  (Gr.  4.) 

S.  Islandiea,  Lesqx. — B.  B. 

Myrica  ambigua,  Lesqx. — Sp.  C. 

.Vlnus  Kefersteiuii,  Gi). — E.,  Sp.  C. — Mo.,  (Gr.  3.) 

Planera  dubia,  Lesqx. — B.  B. 

Betula  eaudata,  Gp. — E. — Mo. 

B.  Stevensoni,  Lesqx. — E.,  (Gr.  3.)  * 

Quercus  phitania,  Ueer. — Sj).  C. — Mo.,  (Gr.  3.) 

Q.  negundoides,  Lesqx. — E. 

Q.  drymeja,  U. — E. — Mo. 


•  Geolog>'  of  Tennesseo,  by  James  M.  gaffonl,  (1869,)  p.  427,  PI.  K,  Fig.  1. 

t  No  Bpecinions  of  this  spoGies  are  entire  enougb  to  Bbow  any  part  of  the  borden. 
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Q.  Gandiiii,  Lesqx. — B.  B. 

Q.  Ellisiana,  Lesqx. — Sp.  C. 

ii.  Pealei,  Lesqx. — Sp.  C. 

(}.  Godeti,  lleer. — Sp.  C. — Mo. 

i},  Labar])i,  Gd. — Sp.  C. — Mo. 

Q.  clilorophylla,  U.— Sp.  C— Mo.,  (Gr.l.) 

(i.  Evansii,  I^esqx. — B.  B. 

Cory  Ins  McQuarryi,  Heer. — E.,  Sp.  C. — Mo.,  (Gr.  3.) 

Fa^ns  Dcucrtliouis,  U. — E. — Mo.,  (Gr.  3.) 

F.  Antipofi,  neer.— E.  Cr.— Mo.,  (Gr.  3.) 

Fi(uis  tilitpfolia,  A.  Br.— Sp.  C,  E.— Mo.,  (Gr.  1  and  3.) 

Fieiis  Gandini,  Lesqx. — E. 

F.  anriculata,  Lesqx. — Sp.  C,  (Gr.  1.) 

^Forns  attiiiis,  Lesqx. — E. 

Plataims  nobilis,  ^y. — E.  Or.,  E. 

P.  dubia,  sp.  uov. — Tr.  Cr.,  JMt.  Br. 

P.  aceroides,  U. — E.,  Sp.  C. — Mo.,  (Gr.  3.) 

Laurus  primigenia,  U. — Sp.  C. 

L.  sessilirtora,  sp.  iiov. — E. 

Persea  Brossiana,  sp.  nov. — Mt.  Br. 

Sassafras,  species. — Sp.  C. 

Oinnamoumin  31ississippiense,  Lesqx. — E.,  (Gr.  1  and  3.) 

C.  Schenchzeri,  Heer. — E.,  Sp.  C. — Mo.,  (G.  4.) 

C.  crassipes,  Lesqx. — B.  B. 

Cinnamomuui  liossma^ssleri,  Heer. — Sp.  C. — Mo.,  (Gr.  1.) 

Andromeda  Grayaua,  Heer. — E.,  Sp.  0. — Mo.,  (Gr.  L) 

A.  reticulata,  Ett. — Sp.  C. 

J'ersoonia  ovitbrmis,  Lesqx. — B.  B. 

Uiospiros  lancifolia,  Lesqx. — E.,  B.  B.,  (Gr.  1.) 

Fraxinus  denticulata,  Heer. — Sp.  C. — Mo. 

Cornus  impressa,  sp.  uov. — Mt.  Br. 

0.  Studeri,  Heer.— E.— Mo.,  (Gr.  1.) 

Nyssa  laneeolata,  Lesqx. — Sp.  O. 

Cissus  lobato-crenata,  Lesqx. — Mt.  Br.,  (Gr.  1.) 

Vitis  Olriki,  Heer.— E.— Mo. 

Liriodendron  species. — Sp.  C. 

Majrnolia  Hil^j^ardiana,  Lesqx. — E.,  (Gr.  1.) 

Acer  trilobatuni,  A.  Br.— E.,  Tr.  Cr.,  B.  B.— Mo.,  (Gr.  3.) 

Ithaiunus  obovatns,  Lesqx. — E.,  (Gr.  1.) 

li.  acuniiuatilolius,  Web.— Si).  C. — Mo. 

li.  rectiuervis,  Heer. — E.,  Sp.  C,  (Gr.  1.) 

Bbus  deleta,  lleer. — E. — Mo. 

K.  Evansii,  Lesqx. — E. 

11.  bella  (?),  Heer.— Sp.  C— Mo. 

Juglaus  denticulata,  Heer. — Sp.  C. — ^Mo.,  (Gr.  3  and  4.) 

J.  appressa,  Lesqx. — E.,  (Gr.  1.) 

J.  ru^osa,  Lesqx. — Sp.  C,  E.,  E.  Cr.,  &c.,  (Gr.  1  and  3.) 

J.  obtusitolia,  Heer. — E. — Mo. 

J.  rbainnoides,  Lesqx. — E.,  (Gr.  1.) 

«l.  Woodiaiia,  Heer. — Buzzard  Inlet. 

Carya  antiquoruui,  Ny. — E. 

Cassia  coucinna,  Lleer. — E. — Mo. 

C.  pbaseolites  U. — Sp.  C. — Mo. 

Calycites  bexapbylla,  Lesqx. — E. 

Carpolitbes  aracbioides,  Lesqx. — E. 

C.  palmaruni,  Lesqx. — E.,  (Gr.  1.) 

C.  osseus,  Lesqx. — E.  Cr. 

25  G  B 
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REMARKS  ON  THE  SPECIES  OP  THE  SECOND  GROUP. 

The  flora  of  fjroiip  No.  2  sooins  to  be  corii])oso(l  of  species  in  part 
identical  with  or  closely  allied  to  those  of  group  No.  1,  or  with  th08Q  of 
group  No.  3.     Tlie  si)e(»ies  of  S[)riiig  Canon  have,  besides  those  wliicli  are 
represented  in  the  whole  Tertiary,  iiymnogramma  Haifdenh\  Abietites 
(iuhinHy  kSdlisburia  poUimorphu^  CaulinitcH  Spanjanioidett^  FiciiH  auriculata, 
or  live  species  considered  as  Eocene,  type  of  I  lie  lirst  group.     The  HSiine 
locality  has,  however,  of  species  repres(»uted  in  the  third  group,  aud 
which  are  truly   Miot'ene,  JSalix  amjuata^  Alnus  KcferHteiniij    Quercvn 
phttania,  Con/lus  McQiun  rifij  riatanuH  aceroidett^  and  J iujUuih  deniictdataj 
or  seven  species.     The  llora  of  Evanston  is  mixed  in  the  same  way,  for  it 
lias,  in  common  with  the  lirst  section,  fruits  of  palms,  (no  leaves,  however, 
have  been  found  there  as  yet,)  Miujnolia  JUhjaraiana^  Rhamnua  ol^ortiiun^ 
Jmjlans  appressaj  J.  rhamnoidts.or  livo  species;  and,  with  the  thinl  groap, 
PopiduH  (ircfivaj  Jivtula  jStcrcasouiy  luiffus  Dvuvidionu^  Platanus  accroUleiij 
Acer  tr'dnbatnm.    This  intermixture  of  tyi)es  might  be  explained  in  8ii|>- 
posing  that  the  specimens  of  Spring  Canon  were  obtained  from  different 
localities ;  but,  as  we  have  the  same /(^ir/Vx  at  Evanston,  this  8Ui>position 
is  groundless.     Evanston  has  an  enormous  thickness  of  lignite  deposit^ 
separated  in  a  numbi'r  ol'  beds  of  pure  coal  by  clay  partings,  or   thiu 
intermediate  layers  of  shale  and  sandstone.    Four  beds  of  lignite,  lueas- 
'  uring  altogether  43  feet,  are  reported  in  a  s(K*tion  of  09  feet*,  the  middle 
one,  32  feet  thi(;k,  being  cut  by  four  clay  partings.    It  seems,  therefore, 
that  there  was  at  this  locality,  and  perhaps  also  at  Spring  CauoD,  u  pro- 
tracttnl  formation  of  lignite  beds,  continuing,  nearly  without  interrup- 
tion, from  the  Lower  to  the  Upper  Eocene.    1  am  inclined  to  cousidei 
this  group  No.  2  as  LT])per  Eocene  on  account  of  the  conglomenite  beds 
by  which  it  is  overlaid.    Its  flora  has,  however,  a  marked  character  of 
its  own  by  a  nund)er  of  si)ecies  which  as  yet  have  not  been  seen  out  of 
it:    t^alix  EvanHtoniana^  Mijrica  amhigua^  Quereus  negundoideSj  Q.  I^liisi- 
anUj  Q.  Pealeij  Firm  Gaudlni^  MoruH  affinis^  Platanus  dubius,  LauruH  ses- 
silijhruif,  Calyvitrs  hcraphyUa,  Carpal itliesamchioides^  &c.     All  the  Euro- 
pean species  recognized  in  this  group  are  Miocene.    A  uuml)er  of  its 
types,  too,  mostly  found  also  in   the  third  group,  are  northern  types, 
anrtic  or  Alaskanian:    Phrnfjmites  Alaskana^  PopnluH  arcticOj  P.  Ziid- 
dachi^  aSVi/Zx-  GranltnuUca^  Qucrcnn  plafania^  Corylus  McQuarryij  Fagus 
anilpfi^  FraxlnuH  deniicidnia^  Viiitt  olrikL    Taking  all  together,  one-half 
of  this  flora  is  a  compound  of  arctic  or  of  J^^uropean  Miocene  species. 

LIST   OF  THE   SPECIKS  OF  THE  TUIKD   GROUP. 

[Abhnniations  for  naiiK'S  of  localities:  0.,  Carbon ;  W.  O.,  Wahsatcli  or  Washakie 
frroup;  M.  H.,  Mctdiiino  How;  K.  C,  \Unk  Creek;  V.  «)t'  K;  Poiut  of  Kocks  ;  Mo., 
Mioceiio;  Gr.,  Group.] 

Sclerotium  pustuliferum,  Ileer. — ('.  (?) 

Halymenites  major,  Les(]x. — C,  (Gr.  1  and  2.) 

Taxodium,  dubium,  lleer. — C. — xMo.,  (Gr.  4.) 

Sequoia  Heerii,  Lesqx. — C 

Equisetum  Ilaydenii,  Lesqx. — C,  (Gr.  4.) 

Phragmites  (Eningensis,  A.  Br.— M.  B.— Mo.,  (Gr.  1,  2,  4.) 

Cyperites,  species. — P.  of  R. 

Smilax  grandifolia,  U. — 0. — Mo.,  (Gr.  1.) 

Acorus  braehystachys,  Ueer. — W.  G.,  G. — Mo. 

Caulinites  Wparganioides,  Lesqx. — C.,  (Gr.  1,  2.) 


*  Dr.  A.  C.  Pcalo  in  Haydeu's  Keport,  1871,  pp.  194, 195. 
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Liquidnmbar  gracilis,  Lesqx. — ^W.  G. 

Popiilns  arctica,  Ueer.— W.  G.,  P.  of  R.,  M.  B.,  0.— Mo.,  (Gr.  2.) 

P.  decipiens,  Lfsqx. — C. 

P.  attemiata,  A.  Br.— P.  C,  C— Mo.,  (Gr.  1.) 

P.  aMjualis,  Lesqx. — K.  C. 

J\  nnitabilis,  var.  repaudocrenata,  A.  Br. — C. — Mo.,  (Gr.  1  and  2.) 

P.  latior,  var.  transversa,  A.  Br. — W.  G. — Mo. 

P.  latior,  var.  eorditblia,  A.  Br. — M.  B. — Mo. 

Alnns  Kefersteinii,  Gp. — C. — Mo.,  (Gr.  2.) 

Betula  Stevensoni,  Losqx. — C,  (Gr.  2.) 

(^nercus  platania,  Heer. — 0. — Mo.,  (Gr.  2.) 

ii.  Olatseni,  Heer.— P.  of  P.— Mo. 

Q.  a*inulans,  Lesqx. — W.  G. 

Q.  acrodon,  Lesqx. — K.  C,  C. 

Q.  Haydenii,  Lesqx. — P.  C. 

Coryhis  McQnan yi,  Ueer. — C. — Mo.,  (Gr.  2.) 

C.  ^randifoiia(f),  Ny. — P.  of  It. 

Fa<j:ns  antipoli,  Heer. — P.  of  P. — Mo.,  (Gr.  2.) 

Pagus  Dencalionis,  U. — C. — Mo.,  (Gr.  2.) 

l^icus  tiliaifolia,  A.  Br.— W.  G.— Mo.,  (Gr.  1  and  2.) 

F.  oblanceolata,  Lesqx. — 0.  (?) 

P.  laiieeolata,  Heer. — C — Mo.,  (Gr.  4.) 

F.  multinervis,  Heer. — C. — Mo. 

F.  arenacea,  Lescjx. — C. 

F.  Gaudini,  Lesqx. — C. 

Platan  us  aceroides,  U. — G.,  P.  C. — Mo.,  (Gr.  2.) 

P.  Guillelnias  Gp.— C.,  P.  of  P.— Mo. 

Coccoloba  liBvigata,  Lesqx. — C. 

Ciimamouium  Missis8ii>j)iense,  Lesqx. — 0.,  (Gr.  1  and  2.) 

Cinnamomum  species. — C. 

Cormis  rhamnifolia,  Heer. — P.  of  P. — Mo. 

0.  acuminata,  Ny. — W.  G. — Mo. 

Vitis  Islandica(f),  Heer. — P.  of  P. — Mo. 

Magnolia  lugletieldi,  Ueer. — W.  G. — Mo.,  (Gr.  1.) 

Asimina  niioceuica,  Lesqx. — C. 

I)onibeyoi)sis  a»quifolia,  Gp. — P.  of  P. — Mo. 

Acer  trilobatuu),  var.  productum,  Heer. — C. — ^Mo.,  (Gr.  2.) 

l^iliurus  Columbi,  Ueer. — W.  G.,  C. — Mo. 

Zizyplius  Meekii,  Les(|x. — C 

Z.  liyperboreus,  Ueer. — C. — Mo. 

Pliannius  interniedius,  Lesqx. — W.  G. 

P.  Goldianus,  var.  latior,  Lesqx. — C,  (Gr.  1.) 

Juglaiis  acuniiuata,  A.  Br. — W.  G. — Mo.,  (Gr.  4.) 

J.  nigosa,  Lesqx. — C,  W.  (j.,  P.  of  P.,  (Gr.  1  and  2.) 

J.  denticulata,  Heer. — C — Mo.,  (Gr.  2  and  4.) 

Carpolitlies  cocculoides,  Ueer. — C. — Mo.,  (Gr.  2.) 

1?KMA1?KS  ON  THE  SPECIES  OF  THE  THIRD   GROUP. 

Tbe  general  character  of  the  flora  of  the  third  group  is  positively 
Miocene.  Its  types  are  not  mixed  with  older  ones,  and  indicate  for 
the  localities  where  the  specimens  were  found  a  higher  stage  of  the  Lig- 
nitic,  which,  however,  appears  to  succeed  the  second  group  without  any 
marked  disturbances.  According  to  the  observations  of  Messrs.  Meek 
and  Uayden,  the  Washakie  group  is  conformably  superposed  to  the 
Black  Butte  or  Bitter  Creek  series,  without  changes  of  lithological 
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characters,  and  there  are  still  at  Carbon  and  other  localities  a  few  rem- 
nants of  the  lower  Lij:^Ditic  flora :  Halymenites  major^  ISviUax  grandifoUa^ 
CauUnitcs  Spargamoides^  Ficus  iUkvfoUa^  especially  Cinnamomum  Misfds- 
slpjyknsCj  and  a  variety  of  RhamnuH  OoUJianus,  But  of  the  50  species  of 
the  group,  31  are  identified  with  species  of  the  European  Miocene,  or  of 
the  Arctic  flora.  Of  these  last  it  has  L*]  species,  or  23  i)er  cent.,  fonrof 
them  already  counted  in  the  Evanston  division :  Acorns  hrachystachyg^ 
PojnduH  arctica,  P.  decipienH^  Qncrcus  plafanui^  Q.  Olafseni,  Corghut  Mc- 
Qnarryi,  Fagna  antipofi^  Vitis  Julandka,  Magnolia  Inglefieldi^  Paliurus 
Colomhij  ZizyphuH  hgperhoreus,  Jvglanft  dentividata,  and  Carpolithes  coc- 
oiilolden.  Tlie  Miocene  fades  of  tbe  flora  of  this  division  is  equally  well 
marked  in  species  of  its  own  or  American  species,  like  Eqnisetnm  Hay- 
denii,  Betula  tVevensoni^  Ficus  Gaud'^ni,  Coccoloha  hvrigata^  Asimina 
miocemc^j  Zizyphus  Meekii,  &:v.,  all  species  evidently  of  more  recent  types 
Ujan  those  of  the  two  lower  groups.  The  relation  of  this  division  'with 
No.  2  is,  however,  indicated  by  17  identical  species,  more  than  one- fourth 
of  the  whole  number,  while  it  is  allied  to  the  upper  group  only  by  a  few 
of  the  omnipresent  si)ecies,  Taxodium  duhiumj  Phragmites  Gilningensis^ 
Jvglans  acuminata^  J.  denticnlata^  and  by  only  two  species,  Fquisetum 
Hagdenii  and  Ficus  lanceolata^  not  recognized  in  the  lower  groups. 

The  i)lants  of  all  the  localities  referred  to  this  division  are  of  the 
same  type.  But  the  specimens  labeled  Point  of  Rocks  and  Rock  Creek 
liave  apparently  been  mixed,  or  indicate  different  localities  than  those 
which  now  bear  these  names.  The  Point  of  Rocks  station  is  lower  in 
the  measures  than  Blac'k  Butte,  and  its  flora  should  have  the  Eocene 
character,  of  course.  But  1  could  not  find  any  remains  of  plants  there 
or  around  in  that  barren  country,  though  I  spent  two  days  in  searching 
for  them.  The  Rock  Creek  station  is  Cretaceous,  and  for  miles  around 
1  found  there  nothing  but  representatives,  in  rocks  and  fossil  animal 
remains,  of  the  two  ni)per  groups  of  this  formation,  to  fifteen  miles 
farther  west  than  Medicine  Bow,  where  heavy  sandstones  of  the  Ter- 
tiary are  covered  by  the  lignite  deposits  of  carbon. 

LIST  OF  THE  SPECIES  OF  THE  FOURTH  GROUP. 

[Al)bn?viations  for  names  of  l(»oalitieH:  B.  Sp.,  BarreVs  Sprinjx;  IIv.  F.,  Henry  Fork: 
(ir.  R.,  (Jreen  River;  S.  P., South  Park  ;  M.  P., Middle  Park  ;  El.,  Elko;  M.  Cr.,' Muddy 
Crt'ek;  Mo..  Miocene;  Gr.,  Group.] 

Hemitelites  Torelli(?),  ITeer.— Gr.  R. 

Pteris  i)enna»tormis,  lleer. — Hy.  F. — Mo.,  (Gr.  1.) 

Blechnum  Gcepperti,  Ett. — Ily.  F. 

Aspidium  Fiscberi,  Heer. — M.  Cr. — Mo. 

Lygodium  nenropteroides,  Lesqx. — B.  Sp. 

Ophioglossnm  Alleni,  Lesqx. — S.  P. 

Salvinia  cydophylla,  sp.  nov. — M.  P. 

Lycopodium  prominens,  sp.  nov. — El. 

Equisetum  Haydenii,  Lescjx. — B.  Sp.,  (Gr.  3.) 

E.  Wyomingense,  sp.  nov. — Gr.  R. 

Taxodium  dubium,  St. — El. — Mo.,  (Gr.  3.) 

T.  tijanorum,  Heer. — B.  Sp. — Mo. 

<jrlyptostrobus  Europeus,  Heer. — S.  P. — Mo. 

Sequoia  angustifolia,  Lesijx. — El. 

S.  Langsdorfi,  A.  Br.— S.  P.— Mo.,  (Gr.  1.) 

S.  Coutsiie(!),  Heer.— M.  P.— Mo. 

Thuya  Garmani,  Lesqx. — El. 

Thuites  callitrina,  U. — S.  P. — Mo. 
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Pimis  polrtiis,  Ileer. — S.  P.,  E. — Mo. 

Piinis(I),  spfcies. — S.  P. 

Abies  Nevadi'iisis,  Lesqx. — El. 

Anuulo  Ga^pperti,  Mu. — Gr.  11 — Mo.,  (Gr.  1.) 

Phra{;init«\s  (Eiiintjeiisis,  A.  Br. — lly.  F.,  B.  Sp.,  El. — Mo.,  (Gr.  1,  2,  3.) 

Jimcus,  spe(;ies. — Gr.  It. 

Poiu;it(»s  hvvis,  II. — B.  Sp.,  EI. — Mo. 

(\vperus(!)  Brauniainis(Oi  Ht*er. — B.  Sp. — Mo. 

Cypeiites  Deucalionis,  Heer. — B.  Sp. — Mo. 

Carex  t(?rtiaria,  lleer. — Hy.  F. — Mo. 

Sparpiiiiuni,  species. — B.  Sp. 

Aeorns(!),  speeies. — S.  P. 

Populus  liicliardsoiii,  Ueer. — El. — Mo. 

Salix  elonj;ata,  Web. — El. — Mo. 

S.  aiijriista,  A.  Br. — Gr.  R. — Mo.,  (Gr.  2.) 

S.  nuHlia(?),  A.  Br.— El.— Mo. 

^Iyri(;a  ni^^ricans,  Lesqx. — Gr.  K. 

^I.  copiana,  sp.  nov. — S.  P. 

M.  acuQiinata,  U. — M.  P. — Mo. 

M.  undiilata,  Ileer. — El. 

M.  latiloba,  lleer. — iM.  P. — Mo.   • 

M.  partita,  sp.  nov. — El. 

Coinptoiiia  Bronp:iiarti(?),  Ett. — El. 

Ulmus  teuuinervis,  sp.  nov. — M.  P. 

Planera  lon^it'olia,  Lesqx. — S.  P. 

Querens  senii-clliptica,  Gp. — El. — Mo. 

Q.  lonchitis,  U. — Gr.  R. — Mo. 

i),  Pjlkoana,  sp.  nov. — El. 

Q.  neriifolia,  lli*er. — S.  P. — Mo. 

F'a«jus  I'eronia*,  U. — El. — Mo.,  (Gr.  1.) 

Fieus  lanceolata,  Ileer.- S.  P.,  M.  P.,  Gr.  R.— Mo.,  (Gr.  3.) 

Ficns  Jynx,  U. — El. — Mo. 

F.  Tnj^eri,  Lesiix. — G.  R. 

F.  populina,  Ileer. — (r.  R. — Mo. 

Cinnamoiuum  Sclieuclizeri,  Heer. — Gr.  R. — Mo.,  (Gr.  2.) 

Diospyros  Copeana,  sp.  nov. — El. 

Fraxinus  pra^dicta,  11. — M.  P. — Mo. 

Anipelopsis  tertiaria,  Lesqx. — Gr.  R. 

Weinmaunia  (f)  rosa^lolia,  sp.  nov. — M.  P. 

Eucalyptus  americana,  Lesqx. — Gr.  R. 

Acer,  si)ecies. — B.  Sp. 

Sapindus  an^ustilblius,  sp.  nov. — M.  P. 

S.  coiiaceus,  sp.  nov. — El. 

Staphylea  acuminata,  sp.  nov. — M.  P. 

Ilex  allinis,  Les(|x. — Gr.  R. 

1.  stenoi)h>lla,  U. — (Jr.  R.,  M.  P. — Mo. 

1.  subdenticulata,  sp.  nov. — M.  P. 

L  undulata,  sp.  nov. — M.  P.(i) 

Ceanotlius  cinnaniouioides,  Lesqx. — Gr.  R. 

Paliurus  Florisanti,  sp.  nov. — S.  P. 

Rhus  dryineja,  sp.  nov. — M.  P. 

R.  llaydenii,  sp.  nov. — M.  P. 

Ju^ijlans  a<juuiinata,  lleer. — Gr.  R. — Mo.  (Gr.  3.) 

J.  Scbiniperi,  Lesqx. — Gr.  R.,  (Gr.  1.) 

J.  denticulata,  Heer. — Gr.  R. — Mo.  (Gr.  2  and  3.) 

J.  tlieruialis,  Lesqx. — M.  P. 
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Pterocarva  americana,  sp.  no  v. — M.  P. 
Carya  Heerii(!),  Ett.— Gr.  R. 
Potlogoiiiuni,  fruit. — M.  P. 
Podoj^ouium,  leaf. — S.  P. 
Cie8alpiuia(f)  liuearifolia,  sp.  no  v. — S.  P. 
Acacia  septentrioualis,  8p.  uov. — S.  P. 
Leguniinositcs,  fiuit  and  leaf. — El. 
Oarpolithes  et  semiua. — M.  P. 

RE^IARKS  ON  THE   SPECIES  OF  THE  FOURTH   GROUP. 

The  fourth  group  is  remarkablj'  distinct  from  the  lower  ones  by  its 
liQcixYnw  facicH.  It  has  lor  characters  of  its  fl<)ra  a  jnoiwrtioually  large 
number  of  fenis,  (>  species,  a  /Salvinia^  a  Lyeojmdiumj  2  species  of 
Eqniseium^  11  species  of  (fonifers,  and  9  species  of  (JlumacefVy  viz: 
30  species  of  acrogenous  monocrotyledonous  and  gymnospermous  plants, 
or  37  per  cent,  of  the  whole  number  of  species  as  yet  known 
as  its  representatives.  jMoreover,  the  balance  of  the  species  is  limited 
to  few  ijfenera:  to  xSV/Z/.r,  3  species;  Myrica  and  Conqtioniaj  7 ;  Qner- 
cu8^  T);  Ilea',  4  ;  A7/m«,  2  ;  Juplantlew,  (k  At  lirst  sij^ht,  this  group  ap[»car8 
scarcely  referable  to  a  ]\Iioc(Mie  llora,  so  ditterent  is  its  facie^f  from 
that  of  any  of  the  former  divisions.  It  has,  however,  32  of  its 
species  identical  with  species  of  the  European  Miocene,  or  a  profwr- 
tion  of  40  per  cent. ;  while  it  is  allied  only  to  the  lowest  American  ^ronp 
by  5  species,  mostly  of  general  <listribution :  Pterin  penntvf'ormiH^ 
PhraffmitrH  (KningeimH^  FagvH  feronia',  Jtujlam  SvhimperL  With  the 
second  grcmp  it  has  in  common  the  same  PhrmjmitcH,  Sitltjr  angusta^ 
Cinnamomnm  Schtxichzerl  and  JufflauH  dentu'iilaia  ;  and  with  the  third 
PhragmitCH  still,  EquiHetum  Jlayilenii^  Ta.rodium  dubium,  Blcm  lanceO' 
lata,  Juglanft  amminata^  and  «/.  dmticulata.  It  has  thus  i)reserved  a 
remnant  of  the  llora  of  the  other  groups,  whidi,  consid(»red  altogether,  is 
very  little ;  for  the  three  lirst  divisicms  have  207  species,  and  in  elim- 
inating PhragmitCH  (KningeimH,  represented  in  all  th(»  divisions  of  the 
Tertiary,  wo  find  only  11  si)ecies,  or  5  j)er  cent.,  of  the  flora  of  the 
Green  liiver  group  represented  in  the  others.  U  it  had  not  so  many 
typical  representatives  of  the  Miocene  of  Europe,  and  if  at  the  same  time 
it  had  some  one  of  our  living  species,  it  might  be  (jonsidercd  a^  Pliocene. 
liut  of  more  recent  tyi)es  than  those  of  the  former  groups,  it  has  scarcely 
any ;  1  can  name  only  Ulmua  teniiinerviH,  the  tine  Sfaphylea  acuminata, 
an<l  AmpeUqmH  tertiaria.  The  remains  of  jdants  at  Green  liiver  are 
found  in  laminated  shales  with  an  abundance  of  skeletons  of  flshes.  At 
Elko  station.  South  and  Middle  Parks,  the  plant-bearing  beds,  com- 
posed of  the  same  kind  of  thin,  laminated,  fragile,  soft  shale,  have  also 
jueserved  remains  of  lishes,  insects,  and  ft€*thers. 

The  peculiar  compound  of  the  thin  laminated  slates  of  the  formation, 
and  the  similarity  of  animal  fossil  remains,  ])rove,  as  well  as  the  gen- 
eral <!haracter  of  the  flora,  that  the  localities  named  in  the  above  table 
are  referable  to  the  same  group.  Very  few  species,  however,  have  been 
observed  at  more  than  one  locality  ;  while,  on  the  contrary,  the  S])ccies, 
most  of  them  at  least,  are  represented  by  a  very  large  number  of  8i)eci- 
meus.  This  fact,  like  the  distribution  of  the  species,  indicates  a  vege- 
tation of  high  land,  covered  with  lake*^,  swamps,  and  deep  forests  ot 
conifers,  with  a  thick  undergrowth  of  ferns  and  shrubs.  With  a 
vegetation  of  this  kind,  the  number  of  species  is  limited,  and  these  are 
generally  circumscribed  in  local  groups.  A  vegetation  analogous  to 
this,  covered  the  northern  half  of  Europe  after  the  Drift  period.  In  the 
Tertiary  epoch  it  has  its  analogue  with  the  Gilniugen  or  ui)per  stage  of 
the  Miocene. 
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§  3.— DESCRIPTION  OF  SPECIES. 

I  have  described  bere  only  the  forms  wbicb  are  considered  as  new 
species,  witb  tbose,  which  though  already  known  from  Europe,  bad  not 
yet  been  recognized  from  American  si)ecimen8.  A  few  also  are  re- 
uijirked  upon,  which,  represented  by  better  specimens,  have  their  char- 
acters and  their  relation  more  clearly'  delined. 

Tlie  researches  of  the  pa«t  year  have  added  to  the  American  Tertiary 
flora  about  one  hundred  species,  of  which  sixty  are  new  ones.  The  whole 
unniber  represented  in  the  tables  of  distribution  amounts  now  to  nearly 
three  hundred  and  sixty. 

1  have  followed  for  the  description  the  same  plan  as  in  the  two 
former  annual  reports  of  Dr.  Hayden,  briefly  exposed  the  essential 
characters  of  the  species,  and  quoted  references  for  analogies  whenever 
I  could  tind  any  in  the  publications  of  European  authors,  in  order  to 
obviate  the  absence  of  figures,  which,  though,  now  already  made,  have 
to  be  reserved  for  a  final  report. 

Except  for  the  specimens  found  by  myself,  the  names  of  the  discov- 
erers are  carefully  recorded,  with  the  localities  where  the  fossil  remains 
have  been  found. 

SPECIES  OF  THE  FIRST   GROUP. 
WOODWARDIA  LATILOBA,  Sp.  noi\ 

Frond  large,  bipinnatifid  ;  pinna?  opposite,  decurrent  upon  the  thick 
ra(;his,  long,  linear,  slightly  tai)ering  to  the  jmint,  equally  lobed ;  lobes 
disjointed  to  three-fourths  of  their  length,  united  by  narrow  obtuse 
sinuses,  broadly  lanceolate,  obtuse,  scythe-shaped  upward,  becoming 
more  coniiivent  toward  the  point  of  the  pinnie  ;  upper  pinna?  more  and 
nuue  obtusely  and  less  deeply  lobed,  passing  to  mere  equal  undulations; 
nervation  undistinct,  except  the  njiddle  nerve  of  the  lobes,  which  is 
narrow  but  well  marked,  ascending  to  the  point  of  the  lobes;  second- 
ary veins  parallel  to  the  rachis  and  to  the  middle  nerve,  branching  in 
ascending,  forming  by  anastomoses  of  their  divisions  one  or  two  rows 
of  large  areohe,  and  joining  the  borders  in  parallel  veinlets. 

Large  and  splendid  specimens  have  been  obtained  of  this  form  by 
Mr.  Arthur  Lakes,  of  the  School  of  Mines  of  Golden,  to  whom  the  survey 
owes  many  valuable  discoveries.  The  numerous  fragments  represent  the 
charaeters  of  the  whole  frond.  Its  consistence  is  thick,  coriaceous ;  the 
surface  is  smooth,  nearly  polished ;  and  the  details  of  nervation  are 
recognizable  only  upon  fragments  which  show  the  lower  surface  of  the 
I)inna>,  or  whose  ujiper  surface  is  destroyed  by  maceration.  The  fructi- 
lications  have  not  been  discovered  yet. 

Jlahitat. — (lolden  5  South  Table  Mountain,  A,  Lakes. 

WoODWARDIA  LATILOBA,  Var.  :MIN0R. 

Only  small  fra-jments  of  this  form  have  been  obtained  at  Black  Butte. 
They  represent  the  upper  part  of  a  pinna  of  exactly  the  same  form  and 
with  the  same  mode  of  division  as  the  specimens  of  Golden.  The  lobes, 
however,  are  much  smaller,  less  scythe-shaped;  the  basilar  veins  follow 
the  rachis,  as  in  the  I'ormer  species,  going  trom  the  base  of  one  middle 
nerve  to  that  of  the  other  above,  foruiing  thus  a  band  on  both  sides  of 
the  rachis,  passing  also  in  long  area.s  up  and  along  the  middle  nerve  of 
the  lol)es  and  i'rom  their  anastomoses  ascending  to  the  borders  and 
forking  twice.    In  the  normal  form,  the  veins,  though  thicker,  are  less 
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distiuct,  and  form  two  rows  of  polygonal  areola)  in  passing  up  to  the  bor- 
ders ;  in  this  variety  (?),  the  veinlots  are  merely  forked  in  goiDg  ui>. 

This  small  form  is  closely  allied  to  Woodicardttes  arcticuSj  Ileer,  differ- 
ing, however,  by  the  nervation.  The  fragments  representing  Heers 
si>ecies  are,  like  those  of  Black  Butte,  too  small  for  an  exact  com pariaon. 
llis  described  specimens  are  from  Greenland  and  from  Alaska. 

Habitat — Black  Butte ;  Wyoming. 

Pteris  pennjkformis,  neer. 

Pinnai  long,  linear-lanceolate,  tap(*r-pointed,  entire  to  above  the  mid- 
dle, undulate  upward,  serrate  at  or  near  the  point,  thiekish ;  medial 
nerve  thick,  especially  toward  the  base  of  theleaflets,  where  it  is  bi-|T^*ooved 
and  three-striated;  veins  in  an  acute  angle  of  divergence,  close,  tbiu, 
mostly  simple,  or  forking  once.  The  fragments  of  leaves  or  piiiiue,  as 
described  here,  closely  resemble  the  si)ecies  of  Ilcer,  (Fl.  Tcrt.  Hel  vet.,  1, 
p.  38,  PI.  xii,  Fig.  1,)  dift'ering  slightly  by  the  borders,  which,  serru- 
late at  or  near  the  point,  are  undulate  or  distantly  and  obtusely  den- 
tate above  the  middle,  and  entire  downward.  Ileer  describes  his  8i>e- 
cies  as  serrulate  near  the  point  and  entire  downward.  In  comparing 
our  specimen  to  the  figure  marked  above,  the  denticulatiou  a[>pears 
merely  more  marked  in  the  Anieri<;an  form. 

This  species  has  been  described  already  in  Ilayden's  Report  for  1871, 
(p.  283,)  from  specimens  from  Henry's  Fork,  too  fragmentary  for  positivje 
determination. 

Hahitat — Golden,  Col. 

Pteris  affinis,  «p.  nov. 

Frond  simply  i)innato;  pinnae  subcoriaceous  or  thiekish,  short,  about 
5  centimeters  long,  oblong-lanceolate,  broader  at  the  middle,  rapidly 
tapering  to  a  slightly  obtuse  point,  gradually  narrowed  downward,  and 
rounded  to  the  point  of  attachment;  borders  undulate;  nervation  thin, 
but  very  distinct ;  veins  open,  curving  from  the  middle  nerve  to  the 
borders,  slightly  more  deflexed  downward  in  reaching  the  midrib,  diclio- 
tomous,  none  simple,  or  scarcely  any,  forking  once  or  twice,  rarely  three 
times. 

Different  from  the  former  by  its  nervation,  shorter  obtuse  pinna?,  undu- 
lately-crenate  borders,  and  thinner  substance  of  the  leaves.  From  P. 
anceps^  Lesqx.,  (ITayden's  Keport,  1871i,  p.  37G,)  it  differs  especially  by 
more  distant  and  more  oblique  veins. 

Habitat. — Golden  ;  rare  like  the  former,  but  obtained  in  better  speci- 
mens. 

Pteris  erosa,  Lesrix. 

Pinnaj  broadly-lanceolate  or  ovate-lanceolate,  tai)er-pointed  or  acu- 
minate, serrate  upward,  with  creuulate  or  lacerate  borders  below; 
medial  nerve  thick ;  veins  oblique*,  straight,  niostly  simple,  forking 
near  or  at  the  base,  rarely  above  the  middle,  distant,  parallel.  It  has 
been  formerly  described  in  Supplement  to  Uayden's  Report,  1871,  (p.  12.) 

I>y  its  nervation  and  the  form  of  its  pinuic  this  species  is  related  to 
P.  Uniffi/olia,  L,^  or  to  some  of  its  varieties  with  senate  borders. 

Habitat, — Katon  Mountains,  where  the  lirst  incomplete  fragments  were 
discovered  ;  Golden,  where  it  was  found  in  more  perfect  specimens. 

Pteris  subsimplex,  sp,  nov. 

Pinna;  thick,  coriaceous,  simple,  entire,  linear-lanceolate,  narrowed  in 
curving  to  the  base,  (point  broken,)  large,  varying  in  size,  from  2  to  4 
centimeters  broad,  and  at  least  10  to  12  centimeters  long ;  middle  nerve 
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Darrow,  deeply  marked  ;  veins  distinct,  simple,  or  merely  forking  once 
near  the  base  or  above  the  middle,  open,  slightly  curved  downward  in 
passing  to  the  borders,  which  are  slightly  crenate  by  contraction  to  the 
point  of  the  veins.  This  tine  fern  is  comparable  to  some  species  of 
J)ancca.  It  difters,  however,  from  those  which  1  have  for  comparison, 
by  the  direction  of  the  veins,  which  do  not  turn  upward  in  reaching 
the  borders,  but  join  them  in  the  same  curve  and  degree  of  divergence 
which  they  follow  from  their  point  of  attachment  to  the  middle  nerve. 

Habitat — Golden.  It  is  in  the  collection  in  many  fragments,  none 
showing  the  point  of  the  leaflets. 

Pteris  Gakdneri,  Kp.  nov. 

Frond  large,  simply  pinnate;  pinme  large,  linear,  in  right  angle  to 
the  rachis,  sessile,  rounded  to  the  base,  with  entire,  deeply  undulate 
borders;  middle  nerve  broad,  thin,  grooved  in  the  middle,  flattened  on 
the  borders ;  veins  nearly  at  right  angle  to  the  midrib,  abruptly  curved 
down  at  the  base  or  decurring  to  it,  forking  once  near  the  base,  and 
once,  also,  generally  above  the  middle ;  divisions  or  veinlets  joined  by 
cross-branches,  forming  here  and  there  some  irregular  elongated  polygo- 
nal areoUe.  The  pinna?  are  larger  than  those  of  P.  pennaformiSj  but 
apparently  of  about  the  same  form.  The  species  essentially  differs  by 
its  strong,  thick  veins,  more  distant,  joined  by  cross-branches,  &c. 

Habitat — Koof  of  coal-mines,  Sand  Creek,  Colorado,  A.  Gardner. 

DiPLAZiUM  MuELLERi  (?),  Hecr. 

Pinnae  narrowly-lanceolate,  tapering  to  a  long  acumen  ;  borders  mar- 
gined, inflated, distantly  equally  serrate;  medial  nerve  broad,  bi-grooved; 
veins  at  an  acute  angle  of  divergence,  very  close,  dichotomous,  some  of 
the  branches  uniting  by  anastomosis;  substance  very  thick, coriaceous. 
The  substance  of  the  leaflets  seems  composed  of  two  la^'ers ;  the  up|>er 
one,  either  scaly  or  villous,  is  sometimes  destroyed  or  erased  as  » 
pellicle  of  coaly  matter.  Through  this  crust  the  veins  are  somewhat 
obsolete ;  but  when  it  is  destroyed,  the  details  of  nervation  are  very 
clear.  The  anastomosis  or  cross-branches  of  the  veinlets  is  somewhat 
like  that  ot  Pterin  Gardneri ;  it  is,  however,  not  as  frequent. 

I  consider  this  form  as  identical  with  IHplazimn  Mmlleri  as  described 
in  Heer,(Boernst. Fl.,p.8,Pl.i,Fig.  2.)  There  is,  however^  adifferencein 
the  borders  of  the  ])inn2e,  which,  in  the  European  species,  are  doubly 
serrate,  w  hile  thej-  are  equally  and  simply  serrate  in  the  American  form ; 
and  in  the  cross-branches  of  the  veinlets,  which  are  not  remarked  in  the 
description  and  figures  of  Heer.  It  is  probable  that  the  specimens  from 
Boernstadt  had  the  upper  surface  covered  by  the  coating  of  scaly  matter, 
and  that,  therefore,  the  minute  details  of  nervation  were  not  observable. 
Professor  Heer  finds  the  relation  of  his  species  to  the  living  Diplazium 
veltidifoUmn.  Ours  is  rather  comparable  to  some  species  of  Acrostichumj 
like  A,  aureiim,  which  has  also  its  veins  here  and  there  joined  by  cross- 
veinlets. 

Habitat — Golden ;  South  Table  Mountain. 

AftPlDIUM  GOLDIANUM,  Sp.  nOV. 

Frond  bi-tripinnatifid ;  primary  pinnaj  enlarged,  broadly  deltoid  ;  sec- 
ondary pinno)  linear,  alternate,  rapidly  decreasing  in  length  in  ascend- 
ing, joined  to  the  rachis  in  an  obtuse  angle  of  divergence,  alternately' 
equally  pinnately-lobed ;  lobes  free  for  two-thinls  or  three-fourths  of 
their  length,  oblong,  obtusely  or  slightly  acute,  inclined  outside ;  mid- 
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(He  nerve  distinet ;  veius  5  to  7,  siiuplo,  slightly  curved  inward,  paralldf 
ob8oU*te,  marking  the  borders  as  slightly  sennilate  by  tlioir  inipressions. 
The  substance  of  the  leaflets  is  subcoriaceous ;  the  surface  smooth  ;  the 
borders  really  entire,  but,  as  it  is  the  case  in  s[H^cies  of  this  kind  when 
they  have  a  thick  consistence,  they  are  marked  as  a])pareiitly  dentica- 
late  by  the  impression  of  the  veins.  Both  primary  and  secondary  rachis 
are  narrow  5  the  secondary  pinna*  are  sessile,  not  decurreut  by  tLe  lowest 
lobe. 

This  species  is  closely  allied  to  ^L  Semdafum,  ITeer,  of  the  Koernstadt 
llora,  differing  by  the  more  entire  borders,  more  numerous  tertiary  veins, 
&c. 

Habitat, — (rolden ;  found  only  in  fragments. 

GONIOVTEULS  POLYPODIOIDES,  Ett. 

Pinna'  linear,  lanceolate-pointed,  remotely  denticulate ;  primary  veins 
parallel  and  2it  equal  distance  ;  siH'ondary  veins  at  an  obtuse  angle  of 
divergence,  apparently  alternate,  sim[)le,  curved  inward.  By  the  form  of 
the  ])inna»  and  the  distantly  denticulate  borders,  the  specimens  represent 
the  European  species  asiigurcdand  described  by  theauthor  in  Mount  Pro- 
mina flora.  The  veins  arc,  however,  scarcely  discernible,  as  also  the  very 
small  criMudations  exposing  the  points  of  the  secondary  veins ;  the  points 
of  the  middle  veins,  however,  are  marked  by  small,  distinet  teeth.  The 
identity  of  this  form  with  the  Kuro[>eau  species  is  not  quite  certain. 
Its  nervation  is  v(»ry  undistin<*t. 

Habitat, — Sand  Creek,  ir.  //.  Holmes. 

SnnoNOPTEUis  membuanacea,  sjh  nor. 

Frond  bi-tri[)innate;  primary  pinna*  long,  linear-lanceolate,  rigid,  erect, 
or  at  a  narrow  angle  of  divergence  j  tertiary  pinna  short,  oblouglance- 
olate,  derjirrent,  dee[)ly  and  equally  5-G-lobed ;  lobes  oblong,  acute,  or 
slightly  obtuse,  distinct,  to  near  the  base,  single-nerved. 

This  is  perhaps  a  variety  of  A',  eoveniva,  Ett.,  described  in  Ilayden^ 
Beport  for  187:i,  (p.  37(»,)  a  species  very  common  at  Golden.  It  has, 
however,  a  dirterent//ir/f»,  especially  by  its  membranaceous  shinin^LT  sub- 
stances, the  rigid  divisions,  the  much  shorter  ultimate  pinna*,  the  more 
distinct  narrower  pinnules,  and  thedecurringbaseof  the  secondaiy  piunie 
joincfl  by  a  nmrgin  along  the  rachis,  iS:c. 

Habitat. — Golden,  rare,  ^l.  Lakvtt. 

SpuENoi'TEUis  NKJKiCANS,  ftj).  nor. 

Frond  polypinnate ;  secondary  (?)  pinna'  narrow,  linear  in  outline,  (as 
mueh  as  can  ])e  seen  from  the  fragments;)  tertiary  ]»inna»  at  u  right 
angle  of  divergence  from  the  narrow  slightly-winged  racliis,  short,  sessile, 
(thi»  lowest  ])innules  eovering  the  rachis  by  their  bor<lers,  but  not  decur- 
rent,)  linear,  abrn])tly  narrowed  to  a  small  obtuse  terminal  lobe,  pin- 
nately  deeply-lobed ;  jMnnnles  inright  anglesto  the  rachis,  free  to  near  the 
base,  oblong,  obtus«»,  undulately  pinnately-lobedon  the  borders;  middle 
vein  seareely  distinet,  alternately  pinnately-divided  in  4  to  G  pairs  of 
vi'inlets,  curving  downward,  and  forking  once,  except  the  ni)per  pair, 
which  is  sim])le.  The  surface  seems  to  be  villous  or  sipiamose,  covered 
as  it  is  by  a  black  ])ulveiiilent  thin  coating  of  coaly  matter.  The  nerva- 
tion of  tills  species  is  pteroiil.  somewhat  like  that  of  Vteris  blechnoides. 
Ueer,  (Fl.  Tert.  llelv.,  i,  p.  4o',  PI.  xii,  Fig.  S'^j)  the  form  of  the  leaflets 
refers  it,  however,  to  the  genus  iSpheH02)teriH. 

Habitat.— VAkXck  Butte. 
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IlYMENOPnYLLUM  CONFUSUM,  Sp.  UOV. 

Frond  polypiimate ;  tertiary  (I)  rachis  grooved,  thick,  divisions  in  an 
open,  nearly  ri^bt  angle  of  divergence  to  tbe  main  racliis,  dicbotomous; 
pinnules  cuneiform,  enlarged  upward,  dicbotomously  tbree,  many 
times  divided  in  linear,  short  obtuse  lobes,  entered  each  by  a  simple 
veinlet  diverging  from  dicbotomous  branches  of  the  primary  veins.  Tbe 
divisions  are  decomposed  many  times,  the  last  pinnule  being  only  3 
millimeters  long  and  IJ  millimeters  broad ;  all  are  crowded  and  mixed 
upon  another.  The  surface  is  minutely  punctulate,  as  if  it  bad  been 
tomentose  or  ciliate.    The  specimens  are  fragmentary. 

Hahiiat. — Golden. 

SelactIIN'klla  BERTnouDi,  up.  noi\ 

Stem  slender,  spreading,  pro8trate(!),  or  creepiiig(?),  dicbotomous, 
divisions  simple,  or  the  longer  ones  the  lowest,  also  dicbotomous ;  leaves 
four  ranked,  by  two  rows  of  alternate  distichous  linear-oblong,  Ungulate, 
pointed,  longer  leaflets,  spreading  on  both  sides  of  the  stem  and  branches, 
and  two  rows  of  small  oval  or  nearly  lound  ones,  closely  appressed  to  the 
base  of  the  longer  leaves  and  covering  it.  Tbe  distichous  leaflets-  are 
i\  to  4  millimeters  long  and  1  millimeter  wide,  the  small  ones  less  than 
1  millimeter  square.  This  line  species  greatly  resembles  some  species 
of  our  time,  like  IS,  Htolonifera^  S.  Martenaii^  &c.  lt«  characters  are  dis- 
tinctly recognizable. 

Habitat, — Golden.  Discovered  by  Capt  E.  Berthoud^  to  whom  the 
survey  owes  tbe  communication  of  this  remarkable  species. 

Equise'j  rM(?)  LvEViGATUM,  «p.  nov. 

Stem  tbii^k ;  its  surface  irregularly  wrinkled  lengthwise,  not  costate, 
contracted  at  tbe  articulations,  of  which  only  one  is  seen  upon  the  speci- 
men in  tbe  middle  of  tbe  stem.  The  articulation  bears  the  scars  of 
four  branches,  marked  by  whorls  of  somewhat  undistinct,  close  rays, 
enlarging  from  tbe  center  to  the  circumference.  Tbe  characters  are 
not  sulliciently  discernible ;  tbe  scars  of  branches  are  scarcely  distinct, 
and  the  stem,  apparently  crushed  above  or  below  the  articulation,  is 
nearly  half  as  large  on  one  side  of  it  as  on  the  other.  It  may  represent 
a  root  of  Eqiiisctum  marked  around  with  the  scars  of  rootlets. 

Habitat, — Sand  Creek,  T^".  0.  Uolmes, 

Se(,>uoia  Latigsdorfii,  a.  Br. 

Is  rei)resented  by  small,  somewhat  obscure  specimens.  Tbe  leaves 
are  slightly  shorter.  It  is  the  only  difference  which  may  be  remarked 
in  comparing  it  to  the  numerous  figures  published  of  this  species  by 
European  authors.  It  may  represent  the  same  species  as  Abietites  du- 
bius,  Lsqx.,  from  tbe  Baton  mountains.    (Hayden's  Report,  1872,  p.  347.) 

Habitat, — Black  Butte,  above  main  coaL 

SMILAX(!)   GKANDIFOLIA(f),  Ung. 

Tbe  lower  btrif  of  the  leaf  only  is  preserved  upon  the  specimen.  Its 
base  is  roun<led  to  tbe  petiole,  three-nerved  from  tbe  base  or  irregu- 
larly five-nerved  by  tbe  division,  near  its  base,  of  one  of  tbe  lateral  veins, 
and  on  tbe  other  by  a  marginal  veinlet  coming  out  from  the  top  of  the 
])etiole ;  middle  nerve  and  lateral  veins  crossed  by  few  thin  branches 
or  oblique  nervilles.  Tbe  nervation  is  similar  to  that  of  Unger's  species 
in  Sillog.,  (PL  ii.  Figs.  5-8;)  the  form  of  the  leaf,  however,  differs,  it  being 
rounded  to  the  i>etiole,  not  cordate. 

Habitat. — Ea«t  of  Colorado  Springs,  A.  C.  Feale. 
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FLABELLARIA  LONGIRACIIIS,  Ullg. 

Leaves  very  lar^o,  as  seen  from  nnmerous  fragments  ;  rays  attacbed 
ill  an  acute  iingle  of  diverj^ence  to  the  very  narrow  rachis,  obtusely 
cariuate,  marked  in  the  length  by  obtuse  equal  striie  less  than  one  mil- 
limeter apnrt;  epidermis  comparatively  thick.  As  Uuger  remarks  it, 
the  rays  are  not  duplicate  or  folded  in  their  contact  to  the  rachis.  The 
species  is  represented  by  many  specimens ;  it  api)ears  identical  with 
that  described  by  Unger. 

Habitat — Divide  between  Yellowstone  Lake  and  Snake  River,  Hay- 
den;  Katon  Mountains,  Golden. 

FLABELLAKIA(!)FKUC'TIFEnA,  Kp.  iiOV. 

Two  fragments  re[)resentin{i:  the  base  of  an  appjirently  large  palm- leaf, 
with  very  numerous  niys,  Hi)  to  80,  acutely  carinate,  nerved  ;  primary 
nerves  a  little  more  than  1  millimeter  distant;  secondary  veins  very  thin, 
slightly  discernible ;  top  of  the  rachis  or  petiole  llat  or  enlarged  on  the 
sides,  reniform.  Joined  to  it  is  a  small  raceme  of  cylindrical  oblong 
obtuse  fruits,  tapering  to  a  slender  peduncle,  narrowly  striated  in  the 
length,  slightly  flattened  by  compression,  1  ceutemiter  long,  J  centime- 
ter wide  in  the  middle.  Four  of  these  fruits  are  attached  to  a  common 
l>edicel,  partly  imbedded  into  the  stone,  alternately  diverging  from  it 
by  short  peduncles. 

UahiUit, — Golden. 

Eriocaitlon(?)  porosum,  Hp,  nor. 

Leaves  basilar,  rosulate,  spreading,  entire,  liuear-lancolate,  broader 
at  the  middle,  gradually  tapering  upward  to  a  slightly  obtuse  point, 
and  downward  to  a  very  short  petioled  base ;  medial  nerve  broad,  con- 
cave; lateral  veins  two,  nearly  [)arallel,  with  apparent  ramidcations  to- 
ward the  borders,  forming  round  polygonal  small  areolae.  The  leaves  are 
thick,  of  a  spongious  texture  apparently ;  the  meshes  along  the  borders 
are  not  distinct,  and  may  be  formed  by  contraction  of  the  epidermis. 
I  do  not  find  any  species  to  which  this  form  may  be  comparable,  except 
the  leaves  of  some  large  rossulate  Eriocaulon.  The  si)ecimeu  is  cut 
through  by  rootlets  nearly  as  thick  as  the  leaves  are  broad. 

Habitat. — Sand  Creek,  W.  H.  Holmen. 

ZlNGIBERlTES(?)   UNDULATUS,  SJ).  nov. 

Fragments  of  large  leaves,  whose  outlines  are  not  preserved,  equally 
undulate  on  the  surface,  marked  with  oblique,  distinct,  parallel  primarj" 
veins,  2  millimeters  distant,  with  6  to  7  very  thin  intermediate  veiulets. 
The  surface  is  covered  with  a  thick  epidermis  or  the  leaf  is  subcoria- 
ceous.  The  surface-undulations  are  formed  by  deep  furrows,  which,  how- 
ever, are  more  or  less  distinct,  and  which  do  not  cut  the  connection  of  the 
veins.  There  is  no  trace  of  rachis  to  which  the  fragments  of  an  evi- 
dently large  leaf  may  have  been  attached. 

Habita  /> — G  olden .  . 

KlIIZOOAULON  GRAOILE,  up.  nov. 

Branches  slender,  straight,  irregularly  forking,  bearing  oblancoolate, 
scythe-shaped,  very  obtuse,  small  leaves,  with  the  base  descending  or 
decurring  along  the  stem,  joined  to  it  by  a  very  short,  thickish  petiole, 
appearing  like  a  swelling  of  the  nan'owed  base  of  the  leaver.  The 
leaves  are  about  7  millimeters  long,  2J  millimeters  broad  towanl  the 
point  where  they  are  broadly  rounded  ;  they  curve  downward  from  the 
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point,  of  attachmeut,  appearing  placed  upon  theHlender  stem,  or  rachis, 
in  a  spiral  order.  They  are  of  a  thick  consistence;  their  surface  cov- 
ered with  a  coating  of  coalj'  matter,  obliterating  nearly  every  trace  of 
nervation  An  undefined  medial  nerve  seems  apparent  on  some  leaves ; 
but  it  may  be  a  mere  linear  artificial  depression.  On  other  leaves, 
deprived  of  epidermis,  some  thin  striaj  running  parallel  and  lengthwise 
iire  recognizable.  By  tlie  disposition  of  the  branches  and  of  the  leaves 
these  vegetable  fragments  resemble  those  figured  by  Schimper  as  illus- 
tration oi  the  geuns Rhizocaulon,,  Sap.,  (inPaleont.  Veget.,  PI.  Ixxx,  Fig.  8.) 
Habitat. — Bhu».k  Butte,  burned  shale  above  the  main  coal. 

PopuLvs  MUTAiJiLis,  Uecr. 

One  leaf  only,  representing  a  small  form,  (like  that  of  Heer,  Flor.  Tert. 
Ilelv.,  II,  ri.  Ixi,  FigvS.  0, 10.)  The  basilar  veins  are  also  attached  to  the 
middle  nerve,  a  little  above  the  borders: and  opposite,  with  three  pairs  of 
alternate  secondary  veins  above  them,  all  in  an  acute  angle  of  diver- 
gen(»e.    The  leaf,  however,  does  not  appear  coriaceous. 

Ilahitat — Black  Butte. 

PorULUS  IIELIADUM,  Uug. 

Leaves  broadly-ovate,  round-truncate  to  the  base,  long-petioled ; 
borders  entire,  merely  undulate  toward  the  point ;  lower  secondary 
veins  open,  marginal,  thin,  the  upper  ones  i)arallel,  close,  simple,  orfork- 
ing  once,  ascending  in  an  acute  angle  of  divergence  close  to  tlie  borders, 
where  they  curve.  By  its  form,  the  dire(?tion  of  the  lateral  veins  ascend- 
ing straight  to  near  the  borders,  &c.,  this  leaf  is  similar  to  that  described 
by  Unger,  (Fl.  v.  Sotzka,  p.  37,  Tab.  xv,  Fig.  7,)  differing,  however,  by 
the  secondary  veins  more  numerous  and  at  equal  distance;  a  difference 
whi(!h  may  be  merely  casual. 

Jlabitat — Golden. 

SALIX  INTEGRA,  A.  Br. 

Leaves  entire,  linear-lanceolate,  taper-pointed  or  acuminate,  narrowed 
or  tapering  to  the  petiole;  lateral  veins  mostly  opposite,  in  an  acute 
angle  of  divergence,  the  lowest  pair  less  open  than  the  upper  ones,  at 
least  in  the  leaves  with  a  tapering  bjise. 

We  have  specimens  of  Golden  and  of  Black  Butte ;  in  these  last,  the 
leaves  are  more  rounded  to  the  chort  petiole,  and  the  secondary  veins  are 
all  un<ler  the  same  angle  of  divergence.  There  is,  however,  no  marked 
difference,  and  both  forms  agree  in  their  characters  with  the  leaves  of 
this  species  as  described  by  Ilerr,  (Fl.  Tert.  Ilelv.,  II,  p.  32,  PL  Ixviii, 
figs.  20-22.)  The  nervation  of  the  leaves  of  Golden  is  the  same  as  Fig.  21, 
while  the  form  of  the  leaves  of  Black  Butte  more  closely  resembles 
Fig.  22. 

Hahltat. — Golden  and  Black  Butte. 

Myrica  Torreyi,  Lsqx.,  var.  Minor. 

One  leaf  only  has  been  found  of  this  variety  (!)  Leaf  shorter,  shorter- 
pointed,  less  gradually  decrejising  downward  to  the  petiole;  borders 
denticulate,  with  close,  smaller  teeth.  No  other  difference  separates 
this  leaf  from  the  typical  form  described  from  Black  Butte  in  Report  for 
1872,  (p.  .392.)     It  is  probably  a  mere  local  variety. 

Habitat, — Sand  Creek,  Colorado,  A,  Gardner, 

BETULA  GRACILIS  (?),  Ludw. 

Species  represented  by  only  one  ovate,  obtusely-pointed  leaf,  unequal 
at  the  round  subcordate  base;  borders  crenulate;  nervation  campto- 
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droiiic;  veins  curving  dose  to  the  borders  and  following  them,  anas- 
t4)njosing  downward  with  tliiek  nervilles,  in  right  angles  to  the  sc*coud- 
arv  veins.  The  impression  of  the  leaf  upon  the  stone  is  deep,  and,  there- 
fore, it  represents  apparently  a  eoriaeeous  leaf,  a  character  which  is  not 
inentioneU  in  the  <leseription  of  the  author.  (Paleont.,  vol.  viii,  p.  9!l,  PL 
xxxii,  Fig.  1.)  All  the  veins,  like*  the  nervilles,  are  coarsely  luairked. 
Jfaltitat. —VioUKni. 

Ql'ER(  us   FURCINEKVIS,  KosSUI. 

Leaves  snbeoria(?eons,  lanceolate,  more  generally  oblanceolate,  raiiidly 
narn)wed  to  iMi  acute  pnint,  ta])ering  downward  and  rounding  from  near 
the  base  to  a  short  peti(»le,  distantly  and  regularly  dentate  from  nearer 
above  the  base;  lateral  veins  parallel,  at  e<{ual  distance,  (11  pairs  in  a 
leaf  of  10.}  centimeters  long.)  slightly  curving  in  [)assing  up  to  the  bor- 
ders, mostly  simple,  all  craspedodrouje,  rarely  ibrking  near  the.  point  by 
an  upper  thin  tertiary  vein  passing  upward. under  the  base  of  the  teeth; 
nervilles  distinct,  in  right  angle  to  the  veins,  forming  by  cross  branches 
large  rectangular  areas.  The  lower  part  of  the  leaves  is  generally  eutin^, 
and  the  lowest  veins  cam])todr(mie  or  undulating  in  ascending  alon^  tly) 
bord«»rs.  When  dentate  near  the  base,  the  lower  veins  enter  the  teetb. 
lh»er,  in  describing  <^.  JitfrmenniSy  de  la  H.,  (in  Fl.  Tert.  Helv.,  Ill,  p. 
315,  footnote,)  says  that  the  form  of  leaves,  dentation,  and  nervation  of 
this  species  id(»ntify  it  to  (^.  furvinerriif^  from  which,  however,  it  (liffera 
by  the  absence  of  an  upi)er  branch  on  the  point  of  the  sccondaiy  veins. 
In  the  leaves  of  Oregon  most  of  the  sexfondary  venis  are  simple,  rarely 
one  or  two  are  seen  with  the  upper  small  branch  passin|9^  up  under  the 
teeth.  These  leaves,  therefore,  are  referable  as  well  to  Q,  furciiierriH  as 
to  V'  BurmenHtH. 

UahiM. — ()n»gon,  under  the  lava-beds  of  the  (^ascade  Mountains, 
Vrof,  JoH,  Lc  Conte  ;  clay-beds  of  Spanish  ^lountains,  California,  Prof, 
Whitney,    (iolden,  in  fragments. 

QUERCUS  (lOLDiANrs, /</>.  nov. 

Leaves  oblong,  roun<led  to  an  obtuse  i)oint,  narrowed  to  the  base  (t) 
(destroyed,)  with  bonlers  undulate  or  slightly  rarely  dentate  with  short 
obtuse  teeth  ;  nervation  camptodrome  and  craspedodrome. 

This  species  may  be  a  mere  deviation  of  the  former,  though  the  leaves, 
for  their  point,  at  least,  are  far  dit!'erent.  The  nervation  is  the  same; 
th(»  borders  of  the  leaves  undulate,  entire,  except  Tu>ar  the  middle,  where 
they  are  distantly  dentate,  the  teeth  being  then  entered  by  the  point  of 
the  secondary  veins,  Avhich  forks  under  the  base  of  the  teeth  by  a  small 
border- branch.  The  nervation  is,  th(»retbre,  the  same  as  in  the  former 
species,  nu>dilied  only  according  to  the  divisions  of  the  borders  of  the 
leaves,  whi(*h  are  either  entire,  with  secondary  veins  camp  tod  i*onie,  or 
dentate,  with  the  same  veins  craspedodrome.  The  nervilles  are  also  of 
the  same  character,  like  the  details  of  areolation.  The  form  of  the 
leaves,  however,  especially  at  the  entire  obtuse  point,  is  far  ditterent, 
Jind  in  one  of  the  leaves  the  borders  seem  to  be  }>erfectly  entire  or 
nun*ely  undulate.  There  is  only  in  the  colh^ction  two  spc^cimens,  one 
representing  the  upper  ])art  of  a  leaf,  the  other  a  longer  and  larger  leaf, 
with  the  point  and  the  base  destroyed. 

Habitat. — Golden. 

QUERCUS  ATTENUATA(!),  Giipp. 

Lt^af  oval-oblong,  narrowed  downward  to  a  slender  i>etiole  and  up- 
ward to  a  short  ])oint;  i)enninerve;  lateral  veins  nearly  opposite,  at  an 
acute  angle  of  divergence,  slightly  curving  in  passing  to  the  borders 
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and  with  few  branches,  craapedodrome,  their  points  and  those  of  their 
divisions  entering  short  distant  teeth.  Except  that  on  this  leaf  the 
denticuhition  of  the  borders  is  simple  and  the  teeth  equal  or  of  a  same 
order,  while,  as  represented  by  Goppert,  in  Fl.  v.  Schossnitz,  (p.  17,  PL 
viii,  Figs.  4-5,)  there  are  generally  two  or  three  small  teeth  between  the 
larger  ones,  which  only  are  entered  by  the  veins,  there  is  not  any  ap- 
preciable difference  between  the  American  and  the  Earopean  leaves. 
That  this  difference  is  not  a  specific  one  is  seen  by  Fig.  5,  {loc.  ee/.,)  whose 
teeth  are  mostly  equal  and  of  the  same  order. 
Habitat — Sand  Creek,  Colorado,  A.  R,  Marwine. 

QuERcrs  Cleburni  «/?.  now 

Leaf  oblong,  oval,  obtusely-pointed,  distinctly  obtusely-dentate,  tajier- 
ing  to  the  base  and  decurring  to  the  short  petiole,  penninerve ;  medial 
nerve  thick ;  secondary  veins  at  a  very  open  angle  of  divergence  or 
nearly  at  right  angle  to  the  middle  nerve,  obsolete.  This  form  is  closely 
related  to  Q,  urophyUa,  Ung.  (Fl.  v.  Sotzka,  p.  33,  PI.  ix,  Fig.  9,)  differing 
by  smaller,  more  regular  teeth.  The  leaf  is  unequilateral,  as  in  Fig.  9,  {he, 
cit,,)  and  on  one  side  the  divisions  or  denticulation  of  the  borders  are 
smaller  and  more  regular  than  on  the  other. 

Habitat — Black  Butte. 

FiClTS  TILI^FOLIA,  Al.  Br. 

The  species  is  common  enough  in  the  Colorado  basin.  Specimens 
from  Sand  Creek  are  covered  with  fragments  of  its  large  leaves  of  the 
same  type  and  as  well  characterized  as  those  figured  by  Ueer,  (Fl.  Tert. 
Helv.,  Ill,  PI.  cxlii.  Fig.  25.)  One  of  the  fragments  indicates  a  leaf  of  18 
centimeters  long  and  li  centimeters  wide.  Specimens  from  Golden  rep- 
resent also  this  species,  but  in  smaller  leaves. 

Habitat. — The  whole  Lignitic  basin,  common. 

FlCUS  PLANICOSTATA,  LS(1X.,  Var.  GOLDIANA. 

This  form  differs  from  the  normal  one,  so  abundant  at  Black  Butte, 
by  naiTower,  more  gradually  acuminate  leaves,  and  by  the  primary 
veins  thin  and  not  flattened.  This  variety  is  closely  related  to  the 
leaves  described  by  Sai)orta  in  his  Fl.  Foss.  de  Sezaune,  (p.  400,  PI.  xii, 
Figs.  G-7)  as  Sterculla  variabilis.  Fig.  G  represents  a  leaf  slightly  un- 
equilateral, a  character  not  remarked  in  the  leaves  of  Golden.  The 
author  says  that  F,  Mivheloti  of  Watelet  is  apparently  the  same  species. 
The  normal  form  of  F.  planicostata  is  different  by  its  broad,  flat  primary 
nerves  and  its  coarser  areolation.  Except  this,  the  essential  characters 
are  the  same. 

Habitat. — Golden.  The  variety  only  is  found  at  this  place;  the  nor- 
mal form  most  abundant  at  Black  Butte  has  been  discovered  above  a 
bituminous  shale  of  Coal  Creek,  Colorado,  by  \V.  H.  Holmes. 

FiCUS  ZIZ\TIIOIDES,  Sp.  710V. 

A  small  oval,  obtuse  (?)  (point  destroyed,)  entire,  thick-nerved  leaf, 
palmately  5-nerved  ;  lower  pair  of  veins  marginal ;  second  pair  turned 
upward  and  branching ;  middle  nerve  thick,  simple,  with  close,  thick 
fibrillar  in  right  angle  to  the  veins ;  petiole  thick,  apparently  long.  The 
lateral  veins  branch  twice,  the  marginal  ones  many  times,  in  short 
divisions,  curving  along  the  borders  in  festoons.  The  leaf  is  wrinkled 
across  by  the  pressure  of  the  nervilles;  if  representing  a  Ficus  it  belongs 
to  the  section  of  the  Populinece.  The  petiole  is  thick  from  the  base  of 
the  leaf  downward. 

Habitat — Golden. 
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FiCUS  TJlUNrATA(!),  sj).  UOV, 

Leaves  oblong-oviite,  trmicate-conlatc  at  base,  obtusely-pointed,  en- 
tire, undulate,  ]»ennineTve  ;  ^5eeunda^y  veins  nearly  imrallel,  distant,  on 


of  secondary  veins  is  lioni  above  the  base  of  the  leaves,  and  under  tbeni 
there  are  still  one  or  two  j)airs  of  shorter,  ihin,  nuu'fjinal  veinlets  cur\'ing 
downward  and  folh)win<j  the  borders.  The  speeies  is,  for  the  ibrm  of 
the  leaves,  comparable  to  Qitercufi  f(fg[folia^  Giip]).,  of  which  we  Lave 
specimens  from  GoUlen.  I>iit  the  nervation  and  areolation  are  far  differ- 
ent, ami  similar  to  that  of  FivuH  atiriculafa^  Les(|x..  to  which,  also,  tbe 
species  is  related  by  the  <J!:eneral  ontline  of  the  leaves.  It  may  be  a 
variety  of  it. 

Habitat, — (rolden. 

PLATANUS  KIIOMHOIDEA,  Sj).  HOV, 

Leaves  coriaceous,  rhond)oidal  in  outline, largest  in  the  middle,  cuueate, 
and  entire  from  the  middle  to  the  base,  slightly  lobed  with  short,  acute 
lobes,  broadly-lanceohite  to  the  point  and  strongly  dentate,  the  acute 
teeth  being  nearly  as  long  as  the  lobes  and  all  equal ;  nervation  plata- 
noid  ;  areolation  undistinct.  This  leaf  might  be  considered  as  a  youDg 
leaf  or  a  form  of  Platan  tin  llat/flenU,  New  by.  It  differs,  however,  greatly 
by  its  cuneate  base,  the  sharp,  broadly-lanceolate,  long,  etpial  teeth,  aud 
the  thick,  coriaceous  leaves.    The  base  is  destroved. 

Halfitat. — GoUleu  ;  communicated  by  A.  Lakes. 

AUTOC'AUPIDII'M  ()LMEDI.ia*^OLIUM(?),  Ung. 

A  single  leaf,  elliptical,  acuminate,  narrowed  to  the  base,  slightly 
une(|nilateral,  i>enninerve;  borders  obtusely  unequally  dentate,  entire 
near  the  base,  which  appears  slightly  decurring  upon  the  petiole;  sec- 
ondary veins  thin,  parallel,  more  obli(iue  on  one  side  than  on  the  other. 
Though  this  leaf  is  smaller  than  those  figured  by  linger,  (in  Fl.  v. 
Sotzka,  p.  ;^G,  PI.  xiv.  Figs.  1-2,)  an<l  by  lieer,  (in  Fl.  Tert.  Uelv.,  II,  p. 
70,  IM.  Ixxxiv,  Fig.  8,)  I  have  scarcely  any  doubt  about  its  identity  with 
the  Enropean  species.  The  surface  of  the  leaf  is  crumpled;  its  sub- 
stance appears  rather  thin.  Except  the  difiereuce  in  size,  there  is  no 
character  iudi(*-ating  any  kind  of  dilTerence. 

Habitat. — Golden,  A.  Lakes, 

PlSONIA  RACEMOSA,  Afp.  noi\ 

Leaves  small,  entire,  thickish,  rather  membranaceous,  obovate,  rouud- 
obtuse,  gradually  narrowed  to  a  Hexuous  petiole,  penninerve ;  lateral 
veins,  four  pairs,  on  an  acute  angle  of  divergence,  parallel,  curving  quite 
near  the  borders;  areolation  obsolete;  fruits  or  unopened  buds(f)  in 
branching  corymbs  or  clusters  of  (J-S  pedicelled,  either  erect  or  horizon- 
tal or  pending  achenia(f),  which  are  short,  narrowly  ovate,  acute,  with  a 
truncate  biise;  pedicels  filiform.  This  species  is  closely  allied  to  P. 
eocenica,  Ett.,  (Fl.  v.  Iliir.,  p.  43,  PL  xi.  Figs.  1-22,)  differing  especially  by 
its  much  shorter  achenia(?)  in  more  divided  racemes.  D'Ettinghausen 
comi)ares  the  fruits(?)  of  his  species  to  the  unfolded  buds  or  the  ovaries  of 
some  n^onia.  In  the  American  specimens,  these  ovaries  appear  like 
ripe  small  seeds,  their  tegument  being  a  thin  shell,  and  the  inner  sub- 
stance, transformed  into  coal,  appearing  as  a  small  nutlet  split  iu  two. 
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Though  these  remains  are  referable  to  the  same  kind  of  vegetables  as 
those  published  by  D'Ettinghausen,  their  relation  to  the  genus  Fisania 
is  uncertain. 
Habitat — Black  Butt€,  very  rare. 

ClNNAMOMTOI  AFFINE,  Lesqx. 

From  the  comparison  of  a  large  number  of  specimens  representing 
various  forms  of  this  species,  (mentioned  first  in  Am.  Jour.  Sc,  vol. 
xlv,  p.  206,)  it  proves  to  be,  as  I  supposed,  a  mere  variety  of  C.  MU- 
si^itippieme,  1^8<ix.,  described  in  Trans.  Phil.  Soc,  vol.  xiii,  p.  418,  PI.  xix. 
Fig.  2. 

Habitat. — The  s])ecies  is  common  at  Golden,  and  found  in  the  whole 
thickness  of  the  North  American  lignitic  measures. 

Dapiinogene  Anglica(!),  Heer. 

This  form  has  been  described  from  fragmentary  specimens  as  Cinna- 
momum  Rossmwsslerij  Heer,  in  Report  for  1872,  (p.  370.)  From  a  more 
complete  leaf,  it  appears  relerable  to  Beer's  species  as  described  in  Flor. 
Helv.,  (vol.  iii,  p.  315.)  He  sa^s  that  the  leaves  are  ovatelanreoiate, 
long-acuminate,  triplenerved,  with  the  middle  and  lateral  nerves  branch- 
ing, remarking  still  that  it  differs  from  D.  melastomacea^  Ung.,  by  the 
equilateral  base  of  the  leaves  and  the  lateral  veins  at  a  more  acute  angle 
of  divergence.  In  comparing  the  American  leaf  with  IJnger's  species, 
the  same  difference  is  marked  as  that  indicated  by  Heer,  and  itapi>ears, 
therefore,  that  these  leaves  of  ours  are,  if  not  identical,  at  least  very 
closely  allied  to  the  Eocene  species  of  England. 

Habitat. — Golden,  Capt,  Berthoud. 

DiosPYROS  BiiACHYSEPALA,  Heer. 

Leaves  broadly  oval  or  slightly  obovate,  obtuse,  narrowed  in  a  curve 
to  the  base,  entire,  rather  membranaceous,  but  not  thick ;  secondary 
veins  alternate,  curving  to  and  along  the  borders,  mostly  simple  or  with 
few  branches,  deflected  downward  in  reaching  the  middle  nerve.  Though 
this  leaf  is  not  in  a  perfect  state  of  preservation,  the  details  of  areola- 
tion  being  obsolete,  it  agrees  in  its  recognizable  characters  with  Heer's 
description  of  the  species  in  Fl.  Tert.  Helv.,  Ill,  (p.  11,  PI.,  cii.  Figs. 
1-14,)  resembling  especially  Fig.  G  for  its  form  and  Fig.  2  for  the  nerva- 
tion or  the  distribution  of  the  lateral  veins.  Leaves  of  the  same  kind 
have  been  described  in  Eeport  for  1872,  (p.  394,)  from  Black  Butte. 

Habitat. — Sand  Creek,  Colorado,  A.  E.  Martcine. 

Viburnum  marginatum,  Lesqx. 

This  species  is  described  from  Black  Butte,  the  only  locality  where  it 
has  been  discovered  till  now,  in  Report  for  1872,  (p.  395.)  By  its  size  and 
the  nervation  of  its  leaves,  it  Ig  related  to  Viburnum  ffiganteum^  Sap.,  (Fl. 
Foss.  de  Sezanne,  p.  370,  PI.  ix.  Fig.  1,)  distinct,  however,  by  the  more 
tapering  point  of  this  last  species,  and  the  form  of  its  triangular  some- 
times double  dentate  teeth.  The  author  remarks  also  the  relation 
of  his  species  to  the  American  living  V.  lantanoideSj  and  to  V,  erosum^ 
Thb.  of  Japan,  to  which  the  species  of  Black  Butte  has  still  more  affinity 
than  the  Eocene  species  of  France. 

Viburnum  Lakesii,  sp.  nov. 

Leaf  coriaceous,  round  in  outline,  obtusely(l)  trilobate  (the  upper  part 
is  broken,)  with  obtuse  sinuses;  serrate  along  the  borders  to  near  its 

2G  a  s 
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base,  borders  and  teeth  thicker  aud  membranaceous  or  cartilag^inaceoas; 
three-nerved  from  the  base,  lateral  nerves  thick,  much  divided,  divis- 
ions 1)ranching  also  like  the  secondary  veins,  which  are  nearly  at  equal 
distance  from  the  primary  onesand  parallel,  few, opposite,  all  the  brauches 
goin^  up  to  the  points  of  the  teeth.  The  species  has  a  close  ix'latiuu  to 
V,  marginatum^  so  abundant  at  Black  Butte.  It  has  the  same  ty]>e  of 
nervation,  but  is,  however,  very  difl'erent  by  the  thicker  substance  of 
the  leav<»s,  the  thicker  primary  and  secondary  veins,  the  tbree-lobate 
form  of  the  leaves,  and  the  truly  serrate  (not  dentate)  borders.  Ilie  base 
of  the  leaf  also  is  abruptly  turned  downward  or  nearly  truncate.  The 
8i)ecies  is  a  veiy  line  one,  and  it  is  regrettable  that  it  is  represented  as 
yet  by  a  single  fragmentary  specimen. 
Hahliut, — Golden  ;  communicated  by  A.  Lakes. 

CoRNUs  Studeri,  Heer. 

Leaves  vanable  in  size,  entire,  oval-lanceolate,  taper-pointed  or  acu- 
minate, rounded  in  narrowing  to  the  i)etiole;  lateral  veins  simple,  par- 
allel, curving  in  passing  up  to  near  the  borders,  along  which  tliey  join 
each  other  in  festoons;  llbrillae  distinct,  in  right  angle  to  the  veins,  or 
sometimes  diverging  upward.  This  species  is  represented  by  numer- 
ous leaves  of  different  size,  the  largest  at  least  14  centimeters  long, 
with  12  to  14  pairs  of  veins,  (the  base  is  broken,)  the  small  leaves  only 
6J  centimeters  long  with  1)  to  10  pairs  of  lateral  veins.  Tlio  lowest  veins 
are  always  closer  than  the  upper  ones;  these  near  the  top  become  nearly 
parallel  to  the  midrib.  The  substance  of  the  leaves  is  thickish  and 
somewhat  coriaceous. 

Habitat. — (xolden.    It  is  also  common  at  Evanston. 

CORNITS   llOLMESII,  «/>.  7lOr. 

The  upper  part  of  an  ovate-lanceolate  entire  leaf,  with  secondary 
veins  thin,  very  distant,  alternate,  much  curved  in  passing  up  in  aa 
acute  angle  from  the  middle  nerve  toward  the  borders.  The  point  of 
the  leaf  is  broken.  Though  the  specimen  is  fragmentary,  it  represents 
evidently  a  Conms  specifically  distinct  from  the  other  fossil  species  by 
the  great  distance  of  the  secondary  veins.  By  this  character  only  it  is 
distantly  rehit(Kl  to  (7.  Buelii,  Heer. 

Habitat. — Bituminous  shale,  Coal  Creek,  Colorado,  W.  H.  Holmes. 

CoRNUS  onnu'ERA,  Ileer. 

Leaves  round  or  broadly'  oval,  entire ;  rounded  upward  to  the  point, 
and  also  downward  to  a  short,  curved  petiole;  medial  nerve  thick  ;  sec- 
ondary veins  deei>,  though  narrow,  inllated  at  their  point  of  union  to 
the  midrib,  which  they  .join  in  a  broad  angle  of  divergence,  arched  in 
ascending  to  the  borders.  The  substance  of  the  leaves  is  thickish,  the 
surface  rough,  secondary  veins  all  simple,  effaced  close  to  the  bor<lers, 
the  lowest  in  i  ight  angle  and  marginal.  The  nervilles  are  close,  oblique 
to  the  veins,  simple  or  branching. 

Halntat. — Golden. 

[NELVMniUM  TENUIFOLIUM,  «p.  noV. 

Leaves  exactly  round,  peltate  from  the  middle,  small,  8  to  9  centimeters 
in  diameter,  of  a  thin  texture,  with  Hat,  undulate  borders ;  primarj- 
nerves  1.'5,  equal  and  at  equal  distance,  thin  or  narrow,  nearly  simple  or 
sparingly  branching,  crossed  at  right  angle  by  nervilles,  which  by  rami- 
fication form  large  square  areas.    The  leaf  shows  the  upper  side  some- 
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what  convex  at  the  center.  The  species  is  represented  by  two  leaves,  one 
of  which  is  in  a  ^ood  state  of  preservation. 

The  essential  difterence  between  this  and  the  next  consists  in  the  thin 
substance  of  its  leaves;  theveins  scarcely  ramiiied,  and  theirdivisions  not 
half  as  thick ;  the  surface  smooth,  not  roughened  by  the  secondary  and 
tertiary  nervation,  and  one  primary  nerve  the  less.  Differences  of  the 
same  kind  are,  however,  remarked  sometimes  between  leaves  of  the 
same  species  of  our  time.  In  N.  luteum^  for  examide,  the  upper  surface 
is  generally  smooth,  and  the  nervation  less  distinct,  while  the  lower 
one  is  coarse,  with  the  veins  apparently  thicker;  in  the  same  species  the 
tissue  of  the  leaves  is  thicker  and  harder  in  the  floating  leaves  than  in 
those  raised  above  water  by  longer  pedicels.  The  difference  of  one  nerve 
the  less  might  also  be  considered  as  of  no  value  for  a  specific  distinction. 
However,  in  the  numerous  leaves  of  N,  luteum^  large  and  small,  the 
primary  nerves  are  always  of  the  same  number — 2L  Both  these  fossil 
forms  have  no  trace  of  a  middle  nerve ;  at  least  this  one  has  none ;  but 
the  leaves  representing  the  next  described  species  has,  between  two  of 
the  veins,  a  split,  which  may  represent  the  medial  nerve  or  take  its  place. 

Habitats — Sand  Creek,  A.  Qardner, 

Neluimbium  Lakesiancm,  sp.  nov. 

Leaves  coarse,  thickish,  peltate,  exactly  round,  with  the  petiole  cen- 
tral ;  borders  turned  down  ;  center  concave,  regular  ;  all  the  veins,  (14,) 
equal  in  thickness,  equally  diverging  from  the  center  to  the  circum- 
ference, deeply  nlarked,  branching  near  the  borders,  crossed  by  thick, 
flexuous  nervilles  at  right  angles  and  disjointed  ;  surface  rough.  This 
species  is  represented  by  three  specimens  of  the  same  form,  two  snjall 
leaves  and  a  much  larger  one.  They  differ  from  N.  Buchi^  Ett,  (Fl.  Mt. 
Promina,  p.  36,  PL  ii.  Fig.  1,)  by  the  central  point  of  attachment  of  the 
petiole,  the  absence  of  a  thick  branching  principal  or  middle  nerve,  &c. 

A  number  of  nuts  or  fruits,  which  I  think  referable  to  the  same  spe- 
cies, have  been  found  at  the  same  localities  as  the  leaves.  They  are 
cylindrical-oblong,  truncate  at  base,  with  a  small  central  mamilla,  or 
round  scar,  representing  the  point  of  attachment  at  the  base  of  the  alve- 
olfB  of  the  receptacle;  covered  by  a  thin,  shelly  integument,  and  obtusely 
pointed.  The  point  is  crushed  in  all  the  specimens.  They  are  compara- 
tively of  large  size :  nearly  2  centimeters  long,  8  millimeters  in  diameter. 
The  forms  of  these  fruits  is  somewhat  like  that  of  those  of  our  X. 
luteum  ;  they  are  proportionally  longer,  however,  the  shelly  surface  is 
thinly  lined  or  striate  in  the  length  ;  the  basilar  scar  marking  the  point 
of  attachment  is  1 J  centimeters  broad,  slightly  conical  or  convex  pointed, 
with  a  rough  surface. 

Habitat — Golden ;  discovered  and  communicated  by  A.  Lakes. 

Magnolia  Lesleyana,  Lesqx. 

Itepresented  by  the  upper  part  of  a  very  large  leaf,  its  widest  part  9 
centimeters  broad,  rounded  in  tapering  to  a  point;  lateral  veins  par- 
allel, distant,  at  unequal  distance,  at  the  same  angle  of  divergence,  and 
curving  to  and  along  the  borders,  as  in  the  leaf  described  from  Missis- 
sippi in  Proc.  Phil.  Soc,  (vol.  xiii,  p.  421,  PI.  xxi,  Fig.  1.)  The  more  dis- 
tant of  the  secondary  veins  are  separated  by  shorter,  more  open,  ter- 
tiary veins,  as  marked  upon  the  same  figure."  The  tertiary  nervation 
and  areolation  are  distinct,  and  evidently  refer  this  fragment  to  a  Mag- 
nolia. 

Habitat — G  olden. 
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D03IBEYOPSIS  TRIVIALIS,  Lesqx. 

Tbis  species  is  described  in  Hayden's  Report  for  1872  (p.  380)  from  an 
iuii)erfect  specimen.  We  have  now  a  nearly  entire  leaf,  3-palniately- 
nerved,  round-square  in  outline,  obtusely  3-5-lobed,  tbe  two  lateral  prin- 
cipal lobes  short  obtuse,  the  middle  one  broad,  nearly  round,  base  of  the 
leaf  deeply  cordate  or  auricled,  marked  by  two  simple  marginal  veinlets 
coming  out  from  the  round  point  of  attachment  of  the  petiole,  and  de- 
scending toward  the  borders  of  the  auricles.  The  three  primary  nerves 
are  ramified,  the  lateral  bearing  two  or  three  outside  branches,  the 
middle  one  a  few  alternate  pairs.  The  nerves,  at  least  the  primary 
divisions,  are  craspedodrome ;  their  largest  branches  also  ascend  to  the 
point  of  the  lateral  shorter  lobes.  Besides  the  analogy  of  form  of  this 
species  with  Fictts  Domheyopais^  Ileer,  I'emarked  in  the  first  description, 
(loc.  eit.j)  its  relation  to  J),  tridens,  Ludw.,  (Paleont.,  vol.  viii,  p.  127, 
PI.  xlix,  Figs.  2,  3,)  is  noticeable. 

Habitat. — Golden,  in  the  white  sandstone  overlying  the  lowest  coal- 
beds. 

Do:MBEYOPS1S  GRANDrFOLIA(?)      Ung. 

A  mere  fragment,  referable  U)  this  species  described  by  Uugor  in  Fl. 
V.  Sotzka,  (p.  45,  PI.  xxvii,  Fig.  1.)  This  fragment  shows  six  principal 
veins  from  the  llattened  top  of  a  thick  striate  petiole,  with  strong^  ner- 
villes,  dividing  in  the  middle  of  the  space  between  the  veins,  and  form- 
ing large,  square,  or  polygonal  areohe.  The  specimen  is,  however,  too 
fragmentary  to  allow  a  satisfactory  comparison. 

Habitat. — Golden,  South  Table  Mountain. 

ZizYrnus  distortus,  sp.  nor. 

Leaves  large,  membranaceous,  entire,  at  least  near  the  base,  where  only 
the  borders  are  distinctly  preserved,  round  obtuse,  enlarged  on  the 
sides,  abruptly  rounded  and  slightly  cordate  to  the  petiole,  palmately  5- 
nerved  from  the  base;  middle  nerve  simple,  not  branching;  lowest 
veins  thin,  merely  marginal  veinlets;  middle  pair  of  lateral  nerves 
divided  in  3  to  4  branches  curving  upward ;  nervilles  close,  numerous,  at 
right  angle  to  the  middle  nerve;  i)etiole  comparatively  long,  2  centime- 
ters. The  nervation  of  this  species  is  similar  to  that  of  Z.  plurinervis^ 
Heer,  (Flor.  Tert.  Helvet.,  Ill,  p.  70,  PI.  cliv.  Fig.  31,)  as  marked  upon  the 
right  side  of  the  leaf;  the  secondary  veins  are,  however,  less  numerous, 
more  distant,  longer,  and  in  a  more  acute  angle  of  divergence;  the  mid- 
dle nerve  has  no  branches:  and  the  nervilles  are  closer,  numerous,  par- 
allel, and  continuous  from  the  middle  nerve  to  the  borders.  The  leaves 
are  mostly  unequilati^ral,  or  more  enlarged  on  one  side,  and  irregular  in 
shape,  either  rounded  or  more  narrowed  to  the  base. 

ifa^ifwf.— Golden. 

Cea>'othus  fibrillosus,  Lesqx. 

Species  described  in  Rei)ort  for  1872,  (p.  381,)  from  imperfect  specimens. 
Others  of  the  same  kind  have  been  obtained ;  one  shows  a  deeply  cor- 
date base,  broader  than  any  of  the  same  species,  7-nerved  from  the 
base;  external  veins  merely  marginal  and  simple,  the  lateral  ones 
branching,  especially  in  the  upper  part  of  the  leaf;  surface  crossed 
by  close,  distinct  nervilles,  in  right  angle  to  the  veins,  continuous. 
This  leaf  is  coriaceous,  and  does  not  show  any  trace  of  areolatiou ;  tte 
nervilles  are  scarcely  hiilf  a  millimeter  apart. 
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Habitat — Golden,  Black  Batte,  &c.,  rare. 

RHAMNUS  BECTINERVIS,  Hccr. 

A  fragmentary  specimen  found  at  Coal  Creek,  Colorado,  by  A,  R. 
Marwine,  is  referable  to  this  species.  The  leaf  is,  however,  shorter 
and  broader  than  those  representing  this  species  from  Black  Butte,  the 
Eaton  Mountains,  and  Golden. 

Rhamnus  Goldianus,  Lesqx. 

This  species,  described  in  Eeport  for  1872,  (p.  382,)  is  very  common  at 
Golden,  and  its  numerous  leaves,  as  seen  from  the  specimens,  are  ex- 
tremely variable.  The  small  form  is  oval,  obtusely  or  abruptly  pointed, 
rounded  at  base  to  a  short  petiole;  lateral  veins  close, 3 millimeters  dis- 
tant, more  or  less  ramified,  especially  in  the  middle  or  near  the  base  of 
the  leaves ;  nervilles  nearly  as  thick  as  the  veins,  very  close,  and  oblique 
to  the  veins.  This  form  closely  resembles  Berchemia  multinervia^  Beer, 
differing  merely  by  the  narrower,  more  lanceolate  form  of  the  leaves, 
more  rounded  or  cordate  at  the  base,  by  the  nervilles  more  oblique  to 
the  secondary  veins,  and  by  their  divisions,  the  veins  being  all  simple 
in  Berchemia.  To  this  species  is,  perhaps,  referable  the  small  leaf  from 
Marshall,  described  as  B.  parvifoUaj  Lesqx.,  in  Am.  Jour.  Sci.  and 
Arts,  (vol.  xlv,  p.  207.)  I  am  unable  to  compare  the  specimens  com- 
municated to  me  by  Dr.  J.  Leconte,  and  now  out  of  my  hands.  Two 
figures  of  these  leaves,  which  were  carefully  made,  do  not  show  any 
trace  of  ramification  of  the  secondary  veins. 

Habitat. — Most  abundant  at  Golden ;  the  variety  with  large  leaves 
has  been  found  also  at  Black  Butte. 

Khamnus  inequalis,  8p.  nov. 

Leaf  ovate,  lanceolate,  apparently  rounded  to  the  petiole,  (point  and 
base  of  leaf  destroyed;)  medial  vein  turning  to  one  side  near  the  point; 
lower  secondary  veins  at  an  angle  of  divergence  of  25^,  and  at  a  greater 
distance  from  the  second  pair,  which  is  more  open  and  parallel  to  those 
following  it  in  asce«diug,  all  simple;  nervilles  numerous,  distinct  at 
right  angle  to  the  veins.  Intermediate  to  the  lower  pair  of  secondary 
veins,  and  the  more  distant  second  pair  above,  there  is  a  thick  tertiary 
vein  passing  out  to  the  middle  of  the  leaf,  and  there  anastomosing  on 
both  sides  with  nervilles.  By  its  unequal  sides  and  its  nervation  this 
fragment  is  related  to  R.  (EningerusiSj  Heer,  (Fl.  Tert.  Helv.,  Ill,  p.  78, 
PL  cxxiii.  Fig.  31.) 

Habitat. — Golden. 

Rhamnus  alatebnoides,  Heer. 

A  very  small  leaf,  14  millimeters  long,  7  millimeters  broad,  oval, 
pointed,  narrowed  to  the  base,  distinctly  nerved  by  5  pairs  of  lateral 
veins,  the  lowest  opposite,  the  others  alternate,  curving  near  and  along 
the  borders,  which  are  irregularly  and  distantly  serrate.  This  leaf  has 
the  same  form  and  characters  of  nervation  as  those  of  the  species 
described  by  Heer  in  Fl.  Tert.  Helv.,  (Ill,  p.  78,  PL  cxxiv.  Figs.  21-23,) 
being  intermediate  for  the  size  between  Figs.  21  and  22.  The  middle 
nerve  is  thick  ;  the  lateral  veins  distinct  and  at  irregular  distances. 

Habitat. — Golden. 

Rhamnus  Meriani(!),    Heer. 

Leaf  oblong,  enlarging  gradually  from  the  rounded  narrow  base  to 
above  the  middle,  where  it  is  abruptly  acuminate  and  sharply  and  dis- 
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tantly  dentate ;  borders  entire  downward  to  the  base;  nervation  camp- 
todrome ;  secondary  veins  parallel,  in  an  acnte  angle  of  divergence, 
ascending  nearly  straight  to  tbe  borders,  wbere  tbey  curve  and  which 
tbey  follow,  entering  tbe  teetb  by  their  divisions.  From  H.  Meriani^ 
Heer,  as  represented  in  Fl.  Tort.  Ilelv.,  (Ill,  p.  82,  PL  cxxvi,  Fip^s.  5-11,) 
this  leat  ditiei^s  by  its  oblanceolate  or  Ungulate  form,  the  veins  more 
straight  and  on  a  more  acnte  angle  of  divergence,  and  the  borders  entire 
from  under  the  dentate  acumen.  There  is,  however,  a  markoil  differ- 
ence in  form  and  nervation  in  the  numerous  leaves  of  this  npeeies,  as 
figured  hy  Heer,  (loc.  cit;)  therefore  the  separation  into  a  new  specie^s  of 
this  only  leaf,  whose  characters  are  so  closely  related  to  those  of  the 
European  form,  is  questionable. 
Habitat — BUick  Butte )  in  shale,  above  the  main  coal. 

SPECIES  OF  THE  SECOND  GROUP. 

PoPULUS  ARCTICA,  Ileer. 

This  species  has  been  already  mentioned  from  the  Washakie  group, 
Medicine  Bow,  Carbon,  &c.,  (Reports  for  1871  and  1871',)  but  not    de- 
scribed. The  present  form  appears  to  be  the  most  common  in  the  Liguitic 
uieasures.    Leaves  coriac(»ous,  entire  or  undulateiy  crenate,  round   or. 
more  enlarged  on  the  sides  and  renilbrm,  obtuse,  or  obtusely  short- 
pointed,  truncate  at  base;   nervation  7-palmate  from  the  top  of  the 
petiole ;  middk^  nerve  crossed  by  strong  nervilles  at  rigiit  angfle,  with 
two  i)airs  of  s«»condary  veins  in  its  ui)i>er  \n\xX ;  inner  pairs  of  basilar  veins 
curving  inward  in  passing  up  toward  the  point  where  they  join   the 
branches  of  the  middle  nerve ;   lateral  basilar  veins  ramifiiHl  outside, 
except  the  lowest  i)air,  which  is  sinij)le  and  marginal,  all  distiuctJy 
cam[)todrome.    Tlie  two  specimens  from  the  l()(.*aliJy  indicated  below 
have  the  same  form  of  leaves  as  those  in  Heer's  Fl.  Arct.  (PI.  v,  Fig.  3,) 
one  with  the  borders  nearly  entire,  tiie  others  with  crenulate  borders.    It 
ai»pears  generally  distributed  in  the  whole  thickness  of  the  Lignitic 
measures,  except  in  the  lirst  group,  where  it  has  not  yet  been  discovered. 

Habitat — Troublesome  Creek,  Colorado,  MitcJwlf. 

PLATANUS  DITBIA,  8}).  nol\ 

This  form,  represented  by  a  large  number  of  specimens,  corresponds 
evideutly  with  the  description  of  P.  nobUi^^  Newby.,  in  Extinct  Floras 
of  North  AnuTica,  ((>.  07.)  In  this  last  species,  however,  the  lateral  and 
basilar  nerves  are  described  as  straight  and  parallel,  terminating,  and 
their  branches  also,  in  the  teeth  of  the  margins.  In  the  new  species  or 
variety,  per  contra^  the  leaves  are  perfectly  entire,  and  the  secondary 
veins  and  their  divisions  are  all  camptodrome,  or  curving  near  the  borders, 
and  following  them  in  festoons.  It  is  probable  that  this  difference  is 
merely  casual.  One  of  the  specimens  trom  Troublesome  Creek  shows 
the  close  secondary  veins  camptodrome  along  the  borders  of  the  inner 
side  of  the  lobes,  while  on  the  outside  a  few  of  them  teminate  in  small 
teeth,  and  are  therefore  crasi)edodrome.  This  remarkable  species,  which 
seems  rather  related  to  some  southern  forms  of  Araliacew  than  to  Plata- 
mis,  and  which  too  is  related  by  form  and  nervation  to  the  Sassafras 
leavvs  of  the  Cretaceous,  has  apparentl,v,  like  these,  two  distinct  kinds 
of  nervation  and  of  border-leaves,  resulting  from  the  disposition  of  the 
secondary  veins. 

Habitat, — The  spec^imens,  all  presenting  the  same  characters,  are  from 
Blount  Brosse,  Dr.  Hainleu)  Willow  Creek,  Holmes]  Troublesome  Creek, 
MitcheL    The  distribution  of  this  species  appears  to  be  limited  to  few 
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localities,  where  its  remains  are  generally  in  great  abundance  and  exclu- 
sive of  those  of  any  other. 

Laurus  sessiliflora,  sp.  nov.  ^ 

A  fructified  narrow  branch,  bearing,  attached  to  it,  at  equal  distance 
and  sessile,  four  involucre  or  persistent  calyces,  nearly  equally  divided 
to  near  the  point  of  attachment  in  four  oblong  lanceolate-obtuse  sepals 
4  to  5  millimeters  long,  diverging  crosswise.  The  appearance  of  the  re- 
markable fragment  representing  this  vegetable  is  not  easily  conceivable 
from  a  mere  description.  It  is  somewhat  like  a  small  brancli  of  a  Galium^ 
with  whorls  of  four  thick,  short,  half-open  leaflets,  the  two  opi>osite 
ones  on  each  side  of  the  pedicel  being  joined  to  below  the  middle,  and 
rounded  on  the  other  side  to  the  point  of  attachment  like  split  involucral 
teguments.  They  are  alternately  placed  upon  each  side  of  the  pedicel 
and  sessile.  The  same  piece  of  shale  bears  some  small  oval-obtuse  seeds 
or  nutlets,  obscurely  striated  in  the  length,  which  seem  to  have  been 
detached  from  these  involucres.  The  relation  of  these  fragments  is  appa- 
rently with  some  kind  of  Laurinecs^  like  those  described  by  Ueer,  (Fl. 
Tert.  Hel  v.,  11^  PI.  xc.  Fig.  17,)  and  also  with  the  fruit  of  Benzoin  antiquum^ 
(same  plate,  Fig.  8.)  The  relation  is  confirmed  by  the  presence  upon  the 
.same  specimen  of  a  fine  well-preserved  leaf  of  Lauras^  which  I  refer 
to  the  same  species  as  L.  sessiliflortis.  It  is  small,  narrowly-elliptical, 
blunt-poiiited,  narrowed  to  the  base ;  secondary  veins  alternate  in  an 
acute  angle  of  divergence:  the  upper  pairs  at  equal  distancio  and  par- 
allel ;  the  lower  ones  more  distant  and  on  a  more  acute  angle  of  diverg- 
ence, all  camptodrome,  following  the  borders  in  festoons,  anastomosing 
by  nervilles,  which  are  numerous,  in  right  angle  to  the  middle  nerve, 
forming  large  rectangular  areas.  This  leaf  also  resembles  that  oi  Benzoin 
antiquum^  Ueer,  {loc,  oii,^  Fig.  2,)  differing  especially  by  tlie  secondary 
veins  more  regular  and  still  more  distant. 

Habitat — Evanston ;  shale,  above  the  upper  coal,  Wm.  Cleburn. 

Persea  Brossiana,  sp.  nov. 

Leaves  large,  subcoriaceous,  rigid,  with  entire,  recurved  borders, 
oblong  lanceolate,  narrowed  in  a  curve  to  a  short  acumen,  and  attenuated 
to  a  short  petiole ;  nervation  deeply  marked  ;  surface  undulate  or  bossed 
between  the  secondary  veins,  wliich  are  parallel,  on  an  acute  angle  of 
divergence ;  nervation  and  areolation  of  a  Laurus.  The  form  of  the 
leaves  is  the  same  as  that  of  L.  Canariensis,  The  axils  of  a  few  of  the 
secondary  veins  are  marked  by  a  small  tubercle  or  inflation  as  in  this 
last  species,  and  also  in  the  leaves  ot  Daphnogene  Heeriiy  Gaud.,  but  less 
distinct. 

Habitat — Mount  Brosse  or  Troublesome  Creek,  Dr.  Haydeiu 

CiNNAMOMUM  EOSSMASSLERI,  HeCT. 

Two  leaves,  subcoriaceous,  entire,  or  long  oval,  pointed(l),  (broken,) 
narrowed  to  a  thick  petiole;  palmately  3  nerved ;  lateral  veins  thin, 
obsolete  from  above  the  base  of  the  leaves,  curving  at  a  distance  from 
the  borders  in  following  them  upward. 

The  details  of  nervation  are  very  undistinct,  and  the  species  not  posi- 
tiv<»ly  identified.  The  leaves  resemble  especially  those  represented  un- 
der ihis  name  by  linger,  in  Fl.  Kadoboj,  (PI.  1,  Figs.  10,  11;)  the  lat- 
eral veins,  however,  seem  to  approach  nearer  to  the  border  iii  the 
American  form. 

Habitat — Troublesome  Creek,  IF.  H.  Holmes. 
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OlSSUS  LOBATOCBENATA,  LeSCjX. 

Tlio  specimens  exactly  represent  tbe  species  as  described  from  Blad 
Butte,  (Keport  for  ISlti,  p.  .300;)  the  large  leaves,  with  obtuse  tcetbor 
undulate  borders ;  tlic  smaller  leaves,  more  acutely  lubed  nud  dentat^ 
representing  apparently  VitiH  Irlantpidata  of  lleQV.  In  all  the  IpuvestLe 
base  is  truncate,  and  one  of  the  specimens  shows  them  to  be  loug-iwtioled. 

Habitat, — Willow  Creek  and  Mount  Brosse. 

COENUS  IMPRESS  A,  Sp.  VOr. 

Leaves  thick,  coriaceous,  entire,  deeply  impressed  into  the  stone,  reg- 
ularly elliptical,  rounded  to  a  very  short,  scarcely  inarkcnl  acumen, 
rounded  also  to  the  base,  which  is  broken ;  secondary-  veins  on  an  acnte 
angle  of  divergence,  slightly  curving  in  ascending  to  the  borders,  reg- 
ularly camptodrome,  sim[)le  or  ran'ly  branching  once  near  the  point, 
and  anastomosing  in  festoons  aU)ng  the  borders  with  strong  nervilles; 
these  are  in  right  aYigle  to  the  middle  nerve,  mostly  simple  and  contin- 
uous; the  upper  veins  abruptly  join  by  a  curve  the  point  of  the  middle 
nerve.  This  distinct  species  is  related  to  ConiuH  orhifcra  by  the  form  of 
the  leaf,  which  is,  however,  more  elongated,  and  by  its  strong  nervilles, 
which  are,  however,  more  <listant  and  less  ramided;  it  also  diftei's  from 
it  by  the  lateral  veins  curving  at  a  distance  from  the  boiilers,  and  less 
numerous. 

Habitat, — Mount  Brosse,  Colorado,  Dr.  Haytlcn. 

Acer  TRiLouATiTki,  Al.  Br. 

Leaf  broadly  oval  in  outline,  round-eordato  at  base,  3-obtuseIr 
short-lobed,  and  obtusely  dentate  on  the  borders,  which  are  erased  and 
undistinct ;  nervation  5  palmate,  the  lower  pairs  of  basilar  nerves  Ikmur 
mere  thin  marginal  veinlets;  middU*  nerve  branching  from  the  middle; 
sec(mdary  veins  in  an  acute  angle  of  divergen<!o;  aroolatioii  similar  to 
that  of  A.  trilobatum.im  figured  by  Ileer,  (Flor.  Tert.  llelv..  Ill,  1>|.  <?xiii, 
Fig.  H.)  From  all  the  forms  of  this  siK'cies,  however,  the  leaf  differs  by 
the  base  rounded  and  more  deejdy  cordate,  and  by  shorter  obtnse  teeth 
and  lobes.  The  middle  lobe  is  broadly  taper- pointed.  The  leaf  is  also 
comparable  to  A.  Sismondi  of  Gaudin. 

Uabitnt. — Troublesonu^  Creek(?)  The  specimen  is  without  label,  but 
mixed  with  those  of  this  locality. 

THIRD  GROUP. 

None  of  the  localities  refendde  to  the  third  gronphad  been  visited  by 
any  member  of  the  exjdorations  of  Dr.  Ila^'den  in  1S7.J,  and  no  new 
materials  have  been  added  to  the  iiora  of  this  group  since  the  publica- 
tion of  the  Report  for  1872. 

species  of  the  fourth  group. 
Salvinia  CY(?LOPnYLLA,  8}).  nov. 

Leaf  nearly  round,  slightly  cordate  or  tnincate,  21  millimeters  long, 
25  millimeters  broad,  therefore  slightly  reniform,  very  entire;  lateral 
nerve  on  a  broad  angle  of  divergence,  or  nearly  in  right  angle  to  the 
straight  half-round  middle  nerve,  scarcely  thickerthan  their  divisions  or 
the  nervilles,  which,  crossing  the  areas  in  various  directions,  form  an  ir- 
regularly quadrate  or  iK)lygonal  areolatloii.  This  si>ecies  does  not  coin- 
pare  with  any  fossil  one  known  as  yet;  it  is  related  bv  its  size  to 
A'.  ReiissL  Ett.,  (Bil.  Fl.,  p.  18,  PI.  1,  Fig.  21,)  and  bv  the^areolation  to 
/J.  rvticnlafa,  Ileer.,  (Fl.  Tert.  llelv.,  Ill,  p.  150,  PI.  cxlv,  Fig.  10.) 

Habitat. — Middle  Park,  2>r.  Hayden. 
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Lycopodium  pbominsns,  «p.  nov. 

stem  or  branch  slender,  dichotonions;  divisions  short,  erect,  slightly 
open,  distant,  2  centimeters  long;  leaA^es  alternate  or  in  spiral,  cylindri- 
cal, inflated  to  the  more  or  less  acute  point,  apparently  connate  at  the 
narrowed  base,  4  to  5  millimeters  lonpr,  half  a  millimeter  broad,  half 
open,  some  of  them  curved  outside.  With  the  sterile  branch,  the  spec- 
imen has  a  somewhat  obscure  fragment,  apparently  a  crushed  fruiting 
ear,  whose  surface  is  rough  or  granulate.  It  is,  however,  too  obscure 
for  positive  identification. 

Habitat — Elko,  Nev.,  Prof.  Cope. 

Equisetum  Wyomingensb,  sp.  nov. 

Fragments  of  stems,  equally  distinctly  striate,  2  centimeters  broad, 
articulate,  bearing  at  the  articulations  whorls  of  thickish  long  rootlets. 
These  stems  or  rhizomas,  evidently  referable  to  Equisetum^  are  in  pro- 
fusion in  the  shale  at  the  cut  four  'miles  west  of  Green  River  Station ; 
but  none  of  the  specimens  have  any  remains  of  a  sheath  or  of  leaves 
and  branches.  This  form  is  comparable  to  E.  Brauniij  Heer.,  (Fl.  Tert. 
Helv.,  Ill,  p.  157,  PI.  cxlv,  Fig.  29.)  On  the  American  specimens,  hov- 
ever,  the  rootlets  are  in  fascicles,  diverging  star  like,  much  longer  and 
thicker  than  in  Beer's  species;  at  least  1  millimeter  broad  and  5  to  6 
centimeters  long. 

Habitat. — Green  River. 

Taxodium  dubium,  Stemb. 

• 

The  species  is  represented  by  a  large  number  of  fragments  or  branches 
with  distichous,  linear,  short,  obtuse  leaves,  narrowed  and  rounded  to 
the  point  of  attachment,  sessile.  This  form*  is  rather  comparable  to 
T.  dubium  ss  described  and  figured  by  Heer  in  Fl.  Arctica,  (PI.  ii. 
Figs.  24,  20,)  than  to  the  variety  T.  disticlium-miocenicum^  represented 
in  Spitz.  Fl.,  (PI.  iii,)  whose  leaves  are  slightly  narrower  proportionally 
to  their  length. 

Habitat — Elko  Station,  very  abundant,  Prof.  Cope. 

Glyptostrobus  Europeus,  A1.  Br. 

Only  two  small  branches  are  referable  by  their  size  and  the  form  and 
disposition  of  the  leaves  to  this  species.  Some  of  the  leaves  are  lingu- 
late,  short,  appressed,  mixed  with  linear-lanceolate-pointed,  open,  and 
longer  ones.  The  fragments  are  small,  and  do  not  bear  any  cones.  The 
shales  of  the  same  locality  are,  however,  marked  by  irregular,  generally 
round-oval  cavities,  which  appear  to  have  been  made  by  the  impressions 
of  cones  of  this  species. 

Habitat — South  Park,  Castello  Ranch,  Dr.  Hayden ;  near  Florisant, 
Prof.  Cope. 

Sequoia  angustifolia,  Lesqx. 

A  short  diagnosis  of  this  species  is  given  in  Report  for  1872,  (p.  372,) 
from  specimens  from  Elko  Station.  It  was  sent  thisyear  in  a  large  number 
of  specimens,  from  the  same  locality  especially,  and  all  the  specimens 
bear  the  same  character.  Leaves  comparatively  narrow  and  pointed, 
decurrent  at  base,  half  open  or  even  nearly  erect ;  seeds  large,  round- 
oval,  truncate,  at  the  slightly  enlarged  base,  rounded  at  the  top.  It 
is  comparable  to  8.  Nordenslcidldij  Heer,  of  the  Spitzbergen  Flora,  (Tab. 
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iv,  Figs.  4-38,)  differing  by  longer,  narrower,  more  acute  leaves,  and  by 
the  larger  8eeds,  quite  round  or  obtuse,  not  pointed  upward.  The  same 
character,  the  large  size  of  the  seeds,  separates  this  species  from  S. 
Langsdorjiij  which  it  resembles  somewhat  more  by  the  form  of  the 
leaves;  these,* however,  are  still  narrower  than  in  any  of  the  numerous 
forms  of  this  species. 

Habitat — Elko,  Prof  Cope.  Two  specimens,  with  more  oi)eu,  shorter 
leaves,  but  equally  narrow,  come  from  Middle  Park,  Dr.  Hayden. 

Sequoia  Langsdorfii(I),   Brgt. 

Only  a  small  fragment,  identifiable  with  this  species,  as  figured  by  Ileer, 
(Arct.  ri.,  II,  p.  464,  PI.  xliv,  Fig.  2.)  It  is  not  possible  to  ascertain 
identity  from  such  a  fragment.  It,  however,  shows  the  two  forms  of 
leaves  as  in  the  quoted  figure.  There  is  also  from  the  same  locality  a 
small  branch  with  lateral  simple  branclilet«,  bearing  short,  linear,  pointed 
leaves,  similar  to  those  of  /S'.  Coutftiw^  Heer,  (loc.  eit..  PL  xli,  Fig. 
10%)  except  that  all  the  leaves  are  erect,  not  curved  inward.  This  may 
be  still  referable  to  /S.  Langndorjii,  though  the  leaves  are  shorter  aud 
more  acutely  pointed. 

Habitat — Elko  Station,  Cope;  the  var..  Middle  Park,  Co2)e  and  Hayden. 

PI^'rs  POLARIS,  Ueer. 

Leaves  very  long  proportionally  to  their  narrow  size,  1  millimeter 
broad,  G  to  7  centimeters  long,  obtusely-pointed;  medial  nerve  tbick 
and  broad  ;  lateral  veins  thin  but  distinct,  three  or  four  on  each  side. 
As  far  as  the  leaves  indicate  it,  these  fragments  represent,  indeed,  lleer'8 
species,  as  described  in  Fl.  Spitz.,  (p.  31),  PL  v.  Figs.  IS,  and  15^'-15*^.) 
There  are,  however,  no  seeds  indicating  relation  to  the  same  sj>ecies. 
The  shales  are  covered  with  (^rushed  fragments  of  conifers,  scarcely  dis- 
cernible, an<l,  therefore,  mostly  undeterminable.  Among  these  are  wings 
of  coniferous  seeds  similar  to  those  which  the  same  author  figures  as  P. 
atenoptera^  (same  plate,  Figs.  21,  23.) 

Habitat. — South  Park,  near  Castello  Eanch,  Dr.  Hayden^  Florisant, 
Prof.  Cope. 

The  shale  of  South  Park,  ISfiddle  Park,  and  Elko  station  have  a 
quantity  of  crushed  remains  of  conifers,  leaves,  cones,  separate  scales, 
and  seeds,  which  may  be  described  hereafter  with  figures,  but  whose 
description  without  illustration  would  be  incomprehensible  for  the 
reader  and  useless  to  science. 

AcoRUS  AFFiNis,  sp.  nov.(!) 

Stem  thick,  evidently  striate  or  nerved  by  parallel,  distant,  thick 
veins;  bearing  a  broad, short,  crushed  ear,  with  seeds  placed  in  ])arallel 
or  spiral  rows,  and  whose  form  is  undistinct.  The  species  iy  related  to 
A.  brachyfitachySy  Ueer,  (Si)itz.,  FL,  p.  T)!,  Tab.  viii.  Fig.  7,)  which  has 
been  destrribed  already  from  Creston  and  from  Carbon,  (Ue])ort  for  1872,  p. 
3S5;)  dilfering  by  its  larger  stem,  with  more  distant  and  thicker  strias 
and  its  broader  ear,  which  is  crushed  and  somewhat  indistinct,  though 
of  the  same  form.  The  seeds,  api)arently  trigonal  in  form,  are  llattened, 
and  in  rows,  which  rather  seem  parallel  than  in  spiral.  The  form  is 
still  specifically  uncertiun. 

Habitat. — Florissant,  South  Park,  Prof.  Cope. 
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PopuLUS  EiCHABDSONi,  Heer. 

Leiives  petioled,  broadly  ovate  or  nearly  round,  truncate  at  the  base, 
deeply  obtusely  crenate,  5-nerved  from  the  base ;  primary  ner\^es  flexu- 
ous,  branching  in  right  angle  or  at  a  broad  angle  of  dlTergence ;  sub- 
stance thin  or  not  coriaceous.  Of  the  six  specimens  representing  leaves 
of  this  species,  none  is  preserved  in  its  whole.  Though  fragmentary, 
however,  enough  is.left  to  recognize  the  essential  characters  and  identify 
the  species.  The  leaves  are  variable  in  size,  from  4  to  8  centimeters  in 
diameter,  some  narrower,  more  elongated,  ovate  truncate  or  slightly 
emarginate  to  the  petiole.  From  P.  arctwa,  it  diflfers  essentially  by  the 
thinner  substance  of  the  leaves,  and  by  the  deeply-crenate  borders. 
Some  of  the  obtuse  teeth  are  longer  and  narrower  than  represented  in 
the  figures  of  this  species,  (Fl.  Arct.,  p.  98,  Tab!  iv,  vi.) 

Habitat — Elko,  Prof.  Cope, 

Salix  media,  A1.  Br. 

The  species  already  described  from  Green  River  specimens,  (in  Sup- 
I)lement  to  Eeport  for  1871)  is  represented  still  by  two  others,  which, 
also,  have  not  preserved  any  trace  of  nervation,  and  are  identifiable 
only  by  the  form  of  their  leaves. 

Habitat. — Elko,  Prof.  Cope. 

Myrica  Copiana,  sp.  nov. 

Leaf  lanceolate,  taper-pointed,  10  to  11  centimeters  long,  3  centimeters 
broad,  doubly  and  deei)ly  serrate,  with  alternate  longer  and  shorter 
acute  teeth,  penniuerve;  nervation  craspedodrome ;  secondary  veins 
open  or  nearly  in  right  angle  to  the  middle  nerve,  passing  up  to  the 
point  of  the  larger  teeth,  with  thinner,  shorter  tertiary  veins  between 
them,  ascending  to  the  point  of  the  shorter  teeth  ;  all  curving  slightly 
upward  in  entering  the  teeth.  This  fine  species,  reprei?ented  as  yet  by 
a  single  specimen,  is  distantly  related  to  Myrica  Graeffiij  Heer,  (Fl. 
Tert.  Helv.,  Ill,  p.  17(>,  PI.  cl,  Figs.  19,  20 ;)  the  leaf  of  the  Amer- 
ican species  being,  however,  twice  as  large,  the  teeth  turned  outside, 
sharp,  pointed,  &c.  The  same  specimen  bears  some  alate  seeds  of  a 
coniler,  like  those  described  by  Heer  in  Spitz.    Fl.  as  Pinus  aJ)i€S. 

Habitat. — j^ear  Florisant,  South  Park,  Prof.  Cope. 

Mybica  acuminata,  Ung. 

Leaves  coriaceous,  with  smooth  surface,  linear-lanceolate-acuminate, 
dentate;  nervation  camptodrome,  obsolete.  These  leaves,  compared  to 
Unger's  species  as  figured  in  Fl.  of  Sotzka,  (PL  vi.  Figs.  5-10,)  appears, 
indeed,  identical  with  it.  But  the  author  says  of  his  species,  (p.  30,)  ser- 
raturis  eqimlibusj  minimis^  approxhnatiSj  a  character  which  is  in  dis- 
accord with  the  figures  (loc.  cit.)  and  with  that  of  our  specimens. 
This  character,  however,  is  of  little  imi>ortance  in  regard  to  identifica- 
tion ;  for  one  of  our  specimens,  representing  a  long,  acuminate  leaf,  has 
equally  serrate  border  on  one  side,  while  on  the  other  the  teeth  are 
close  and  unequal.  As  far  as  it  can  be  seen,  the  secondary  veins  appear 
close,  straight  to  the  point  of  the  teeth,  and  on  an  acute  angle  of  diver- 
gence from  the  middle  nerve.  From  another  locality  a  set  of  specimens 
represent  the  same  species  under  the  same  form  and  nervation,  but  with 
much  smaller,  narrower,  and  shorter  leaves  than  those  figured  by  Unger, 
and  also  than  the  first  ones  described  above. 

Habitat. — Middle  Park,  Br.  Hayden^  one  mile  west  of  Florissant,  South 
Park,  Dr.  Peale. 
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MiRiCA  UNDULATA,  Hecr. 

Leaf  membranaceous  or  snbcoriaceous,  small,  3J  centimeters  long,  (the 
point  and  base  are  destroyed.)  1  centimeter  broad,  linear-oblong,  with 
deeply-undulate  borders;  nervation  eaniptodrome ;  lateral  veins  open, 
joined  by  curved  fibrilloB  nearly  in  right  angle  to  the  veins,  forming  by 
ramification  a  small  polygonal*  areolation;  the  direction  of  the  second- 
ary veins  intermixed  witli  shorter  tertiary  ones,  their  mode  of  curving 
to  and  along  the  borders,  and  the  areolation,  are  of  the  same  kind  as  in 
the  leaves  of  Myraca  (IHandra)  midnlata,  lleer,  (Fl.  Tert.  Ilelv.,  Ill, 
p.  188,  PI.  cliii.  Figs.  22,  23.)  The  American  leaf  is  in  its  size  and 
its  tapering  base  exactly  similar  to  Fig.  23 ;  its  undulations  are  only 
more  definite.    I  consider  it  as  identical. 

Habitat— E\ko^  Prof.  Cope. 

Myrica  latiloba,  Heer,  var.  Acutiloba. 

Leaves  membranaceous,  linear-lanceolate  or  oblong  lanceolate,  pin- 
nately  deeply  divided  in  large,  pointed,  triangular  lobes,  narrowed  to  a 
short  petiole ;  secondary  veins  distinct,  craspedodrome,  open,  ascend- 
ing to  the  point  of  the  lobes;  tertiary  veins  under  the  same  degi-ee  of 
divergence,  curving  along  the  borders,  and  anastomosing  with  pinnate 
branches  of  the  secondary  ones.  This  species  is  represented  by  one 
fragment  only,  showing  the  lower  part  of  a  leaf,  bearing  three  lobes 
on  one  side  and  only  one  on  the  other.  In  Heer's  species,  (Fl.  Tert. 
Ilelv.,  Ill,  p.  17G,  ri.  cl,  Figs.  12-15,)  the  lealiets  are  more  obtuse  or 
less  pointed  than  in  the  American  leaf,  which  also  differs  by  a  somewhat 
longer  petiole.    This  form  is  apparently  a  mere  variety. 

Habitat. — Middle  Park,  Colorado,  i>r.  Hayden. 

Myrica  partita,  «j>.  nov. 

Leaf  subcoriaceous,  linear,  narrow,  one  centimeter  broad,  alternately 
equally  lobate ;  lobes  distinct  to  the  base,  turned  upward,  broadly  lan- 
ceolate, narrowed  to  a  short  point,  denticulate  along  the  lower  sicfe  and 
near  the  i)oint  of  the  upper  border;  secondary  vein  ascending  to  the 
point  of  the  acumen  ;  tertiary  veins  i)arallel,  shorter,  passing  up  to  the 
lower  teeth  in  anastomosing  by  nervilles  in  right  angle  fo  the  second- 
ary vein ;  areolation  round-polygonal,  small.  Like  the  former,  the  spe- 
cies is  represented  by  a  fragment  only.  It  is  distantly  related  to  the 
following. 

Habitat. — Elko,  Nevada,  Prof.  Cope. 

Myrica  (Comptonia)  BRONGNARTi(f ),  Ett. 

Leaf  coriaceous,  linear,  narrow,  half  a  cxjntimeter  broad,  alternately 
pinnately  obtusely  dentate;  nervation  obsolete,  pinnate,  eaniptodrome; 
secondary  veins  simple.  It  is  not  possible  to  positively  recognize  the 
nervation  of  this  leaf,  which,  by  undulation  of  its  surface  correspond- 
ing with  the  teeth,  has  the  fatnes  of  a  small  branch  of  conifer.  It  re- 
sembles some  of  the  leaves  published  in  Ett.  (Haring  Flor.)  as  Diandra 
Brongnarti^  especially  that  of  PL  xix.  Fig.  20 ;  the  lobes,  however,  being 
less  deeply  parted,  or  like  mere  obtuse  teeth,  though  the  appearance  is 
that  of  a  lobate  leaf. 

Habitat, — Elko,  Prof.  Cope. 

Ulmus  tenuoervis,  up.  nov. 

Leaves  thin,  very  unequal  at  the  base,  deeply  cordate  on  one  side, 
tapering  on  the  other  to  the  middle  nerve,  half  a  centimeter  higher  up; 
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obloug  or  ovate,  lanceolate,  taper-poiuted,  anequally  serrate;  lateral 
veius  thin,  flexaous,  or  carved  to  tbe  borders,  craspedodronie,  simple  or 
branching.  The  species  is  closely  allied  to  U.  Bronniij  Heer,  which  Mas- 
salongo  considers  identical  to  his  U.  affinis.  Ours  ditfers  by  thinner, 
more  distant,  lateral  veins,  by  its  shorter  petiole,  and  the  more  acute 
teeth  of  the  borders.  None  of  our  living  American  species  is  compar- 
able to  it. 
Habitat. — Middle  Park,  Br,  Hayden. 

Planeea  longifolla,  Lesqx. 

This  species  has  been  briefly  described  in  Eeport  for  1872,  (p.  371.)  The 
collection  has  received  a  large  number  of  specimens  from  Middle  Park, 
representing  it  in  its  various  forms.  The  leaves  are  generally  ovate-lan- 
ceolate or  merely  lanceolate,  more  or  less  acutely,  and  all  equally  simply 
dentate ;  lateral  veins  simple,  strong,  going  straight  up  to  the  point  of  the 
teeth,  under  various  degrees  of  divergence;  i^etiole  6  millimeters  long, 
thickened  to  the  base.  The  leaves  vary  in  length  and  width,  being  gen- 
erally smaller  and  narrower  than  those  of  P.  Ungeri,  Captain  Berthoud, 
however,  has  sent  me  sketches  of  leaves  of  a  Planeraj  one  of  which  is2i 
centimeters  long  and  2  centimeters  broad,  therefore  broadly  oval,  with 
sharp  teeth,  exactly  like  the  leaf  published  by  Heer,  (Arct.  Flor.  II,  PI.  xlv, 
Fig.  5*^)  as.  P.  Ungeri,  This  leaf  is  so  different  in  fades  from  all  those  which 
I  have  seen  and  used  for  the  description  of  the  American  species  that  1  can- 
not consider  it  as  representing  the  same.  I  have,  therefore,  to  admit  that 
two  species  are  represented  in  the  Upper  Tertiary  measures  of  the  Rocky 
Mountains,  at  least  till  I  have  seen  the  specimens  or  recognized  inter- 
mediate forms. 

Habitat — Elko  and  South  Park.  The  last  specimens  were  sent  by 
Dr.  Hayden, 

QuERCUS  Eleoana,  Hp.  nov. 

Leaves  subcoriaceoua,  flat,  ovate,  taper-pointed  or  acuminate,  8  to  10 
centimeters  long,  rounded  and  narrowed  to  the  base,  (broken,)  doubly 
serrate,  with  teeth  alternately  long,  irregular,  sharp-pointed,  and  one 
or  two  small  ones  at  their  base;  nervation  pinnate;  lateral  veins  simple, 
parallel,  craspedodronie,  (straight  or  scarcely  curving  in  passing  up  to 
the  borders;  tibrillfle  thin ;  areolation  stime  as  that  of  Fagua  f'eroniWy  which 
this  leaf  resembles,  and  to  which  it  could  be  referable  but  for  the  large 
size  of  the  regular  and  regnlarly-pointed  teeth.  The  substance  of  the 
leaves  is  thicker  than  in  this  last  species. 

Habitat.—Elko,    Prof.  Cope. 

QUERCUS  NERiiFOLiA,  Heer. 

Only  a  fragment  of  an  oblong-lanceolate,  entire  leaf,  with  distinct  ner- 
vation ;  secondary  veins  at  right  angle  to  the  middle  nerve,  branching 
and  effaced  near  the  borders,  with  intermediate  shorter  tertiary 
veins,  more  or  less  oblique  to  the  secondary  ones.  The  form  of  the  leaf 
is  like  that  of  Fl.  Tert.  Ilelv.,  (II,  PI.  Ixxiv,  Fig.  4,)  and  the  nervation  simi- 
lar to  that  of  Fig.  5. 

Habitat. — Near  Florissant,  west  of  Pike's  Peak,  Dr.  A.  C.  Feale.  This 
locality  may  be  referable  to  another  group. 

FAGUS  FERONIiE,  Ung. 

This  species  is  represented  by  a  dozen  specimens,  representing  the 
leaves  in  their  various  forms,  as  flgured  and  described  by  Ett.  Bil.  Flor., 
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(p.  50,  PL  XV,  Figs.  12-20.)  These  leaves  are  variable  in  size,  fipom  5  to 
8  centimeterslongaiul  proportionally  broad,  oval  in  ontliDe,  taper-pointd, 
narrowed  downward  and  wedge-form  to  a  long  petiole,  doubly,  irregu- 
larly, unequally  serrate ;  nervation  craspedodrome :  secoudary  veins  od 
an  acute  angle  of  divergence,  8inii)le,  straight ;  fibrillaj  thin,  in  right 
angle  to  the  veins ;  areolation  composed  of  very  small,  irregnlarly  sqnare 
and  polygonous  meshes.  The  American  form  agrees  by  all  its  chanc- 
ters  witii  the  leaves  of  the  IMlin  Flora.  It  differs,  however,  from  Uuget's 
figures  (Chloris  Prot.,  PI.  xxviii,)  by  the  teeth  of  the  borders  more  numer- 
ous and  generally  more  accute,  and  by  the  longer  petiole. 
Habitat. — Elko,  Prof.  Cope, 

Ficus  LANCEOLATA,  Ileer. 

Leaves  thickish,  lanceolate,  gradually  tapering  to  a  thick  petiolCf 
penninerve ;  secondary  veins  open,  parallel  from  the  base,  campto- 
drome ;  nervilles  close,  in  right  angle  to  the  secondary  veins ;  areola- 
tion in  small  polygonal  meshes.  This  si)ecies  is  represented  by  8i>ecimeu8 
of  two  localities.  All  agree  with  the  characters  represented  bv  the  aatbor 
(Flor.  Tert.  llelv.,  II,  p.  02,  PI.  Ixxxi,  Figs.  2-5,)  the  leaves 'being  only 
somewhat  smaller. 

Habitat, — Florisant,  South  Park,  Copc^  AVillow  Creek,  Middle  Park, 
UolmeH]  Cutoff,  west  of  Green  Kiver  JStation,  with  fish  remains. 

Ficus  Jykx,  Ung. 

Leaves  coriaceous,  linear-lanceolate,  tapering  to  the  ]>etiole,  penni- 
nerve ;  secondary  veins  open,  close,  numerous,  thickish,  straight  to  the 
borders,  along  which  they  abruptly  iturve.  This  leaf  is  comparable  to 
some  forms  of  1\  multinerviH^  Ueer,  but  still  more  to  the  leaf  of  liil.  Fl. 
(PI.  XX,  Fig.  7,)  referred  by  Ettinghausen  to  F,  Jynx^  Ung.  The  petiole  is 
narrower  than  in  F,  multincrvis. 

Habitat, — Elko,  Prof.  Cope. 

DiosPYiios  CoPEANA,  sp.  nov. 

Leal*  of  medium  size,  7  centimeters  long  and  half  as  wide,  broadly  ob- 
ovate,  entire,  gradually  narrowed  downward  to  a  short  petiole, rounded  up- 
ward to  an  obtuse  point;  nervation  penninerve, camptodrome;  lateral 
veins  thin,  distinct,  the  lowest  in  a  slightly  more  acute  angle  of  diver- 
gcince,  curving  in  passing  to  the  borders,  which  they  loUow  in  anas- 
tomosing in  double  festoons,  and  separated  by  shorter  tertiary'  veins. 
The  nervation  and  the  form  iwnXfacivH  of  the  leaf  are  of  a  Diospyros  ;  some 
of  the  leaves  of  our  living  />.  Vinfiniana  have  about  the  same  form,  though 
generally  broader,  and  rounded  at  the  base. 

Ilabiiat. — Elko,  Prof.  Cope. 

Fkaxint's  rR.i:DrcTA,  Ueer. 

A  small  leaf,  broad  in  the  middle,  gradujilly  narrowed  to  its  base, 
(peliolv*  broken,)  and  upward  in  the  same  degree  in  a  long  obtuse  acu- 
nuMi ;  borders  slightly  and  distantly*  dentate;  nervation  camptodrome; 
secondary  veins  curving  upon  each  other  in  following  the  borders,  with 
border-branches  or  veinlets  passing  up  to  the  points  of  the  very  short 
and  small  teeth  marked  only  from  the  middle  downward ;  borders  nearly 
entire  u])ward.  There  is  only  one  leaf  representing  this  species  ;  but  it 
so  miieh  resembles  those  of  Fl.  Tert.  llelvet.,  (Ill,  p.  22,  PI.  civ,  Figs.  13, 
tS:c.,)  that  it  is  scarcely  possible  to  doubt  the  identity  of  these  forms.  In 
the  specimen  described  here,  the  nervati<m  is  perfectly  distinct. 

Habitai, — Middle  Park,  J)r.  Hayden. 
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WEINMANNIAy  ROSJEFOLIA,  «p.  UOV. 

A  compound,  imparipinnate  leaf,  with  3  to  5  pairs  of  narrowly 
ellipticjil  leaflets,  obtusely'  pointed,  rounded  to  the  sessile  base,  the 
terminal  leaflet  only  short-petioled,  obtusely  serrate  toward  the  point, 
entire  from  the  middle  downward ;  medial  nerve  thick,  half-round  ;  lat- 
eral veins  and  areolation  obsolete;  rachis  balf-round,  narrowly  margined. 
The  dentation  of  the  leaves  is  not  distinct;  some  leaflets,  separated  from 
the  r.ichis  upon  the  same  piece  of  shale,  are  smaller  and  have  entire 
borders.  I  refer  tbis  leaf  to  the  genus  Weinmannia  on  account  of  the 
likeness  of  these  remains  with  living  species  of  this  genus  figured  in 
Fl.  V.  Hiiring  by  Ettinghauseii,  (PI.  xxiii,  Figs.  B,  O.)  In  these 
American  forms,  the  rachis  is  not  alate;  it  is  so,  however,  in  TT.  Glabra^ 
DC,  whose  leaflets,  though  much  smaller,  have  the  same  form.  In  the 
leaves  of  this  genus,  the  secondary  nervation  is  also  mostly  obsolete  or 
scarcely  distinct ;  the  surface  being  generally  covered  with  villous  hairs. 
In  the  fossil  species,  the  base  of  the  leaflets  seems  to  bear  a  thick  tuft 
of  hairs.    The  specimens  are  very  tine. 

Habitat — West  of  Florisant,  Dr.  A,  C.  Peale. 

Sapindus  angustifolius,  sp.  nov. 

Leaves  compound,  imparipinnate ;  rachis  thick,  flat,  but  not  winged ; 
leaflets  linear-lanceolate,  entire,  unequilateral,  larger  above  the  base  at 
the  upper  side,  tapering  gradually  upward  to  a  slightly  reflexed  or 
straight  acumen,  rounded  and  narrowed  to  a  very  short  margined  peti- 
ole or  sessile ;  nervation  and  areolation  of  the  genus.  The  leaf  bears 
about  C  pairs  of  alternate  leaflets ;  tbe  upper  lateral  ones 'erect  along  the 
terminal,  the  others  half  open.  This  species  is  represented  by  a  large 
number  of  specimens. 

Habitat — Middle  Park,  Dr.  Hayden]  near  Florissant,  South  Park, 
Prof,  Cope. 

Sapindus  cobiaceus,  sp.  nov. 

Leaflets  thick,  large,  oblong-lanceolate,  entire,  with  borders  reflexed; 
slightly  unequilateral  and  scythe-shaped,  short-petioled  ;  middle  nerve 
thick;  secondary  veins  open,  scarcely  discernible;  surf^\ce  polished. 
This  species  is  distinct  by  the  thickness  and  leathery  texture  of  the 
leaves,  which  are  long  comparatively  to  their  width.  All  the  leaflets 
are  isolated  or  separated  from  the  main  rachis. 

Habitat — Elko  Station,  Prof.  Cope. 

Staphylea  acuminata,  sp.  nov. 

Leaves  trifoliate,  at  the  top  of  an  elongated  common  pedicel ;  lateral 
leaflets  opposite,  rounded  to  the  short-petioled  base,  ovate-lanceolate 
acuminate,  crenulate  to  near  the  base :  medial  or  terminal  leaflet  longer- 
l)ointed,  attenuated  to  the  base,  with  a  longer  pedicel ;  secondary  veins 
alternate,  camptodrome,  curving  to  and  along  the  borders,  with  slender 
ramitications  entering  the  teeth.  The  areolation  of  this  leaf,  the  form 
of  its  leaflets  itnd  their  relative  position,  &c.,  are  similar  to  those  of  the 
living  American  8.  trifoliata^  L.  The  species  merely  difl'ers  by  the 
longer  tapering  point  of  the  leaflets  and  the  short  petiole  of  the  mid- 
dle one  ;  the  divisions  of  the  borders  are  of  the  same  kind. 

Habitat — Middle  Park,  Dr.  Hayden, 

Ilex  sphenopiiylla(?),  Heer. 

A  very  small  leaf,  12  millimeters  long,  7  millimeters  broad,  oval, 
rounded  in  narrowing  to  the  point  and  to  the  base;  distantly  acutely- 
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dentate  by  three  or  four  pointed  or  spinulose  teeth  on  e^ich  side ;  sec- 
ondary veins  opposite,  cra^pedodronie,  simple,  passing  up  Id  a  slight 
curve  to  the  point  of  the  teeth.  The  ideutitication  of  this  leaf  with 
Ileer's  species,  represented  (Flor.  Tert.  llelv.,  Ill,  p. 73,  PI.  cxxii,  Fig.  24,) 
by  still  smaller  leaves  without  any  trace  of  nervation,  is  uncertaiu. 
Habitat — Middle  Pai'k,  Dr,  Hayden. 

Ilex  subdenticulata,  sp.  nov. 

Leaves  coriaceous,  linear-lanceolate,  acuminatof  (point  broken,)  irreg- 
ularly  denticulate  from  the  middle  upward  with  small,  sharp-pointed  t^etb; 
penninerve ;  lateral  veins  distant,  opposite,  curving  up  under  au  acute 
angle  of  divergence  from  the  middle  nerve,  and  at  a  distance  from  the 
borders,  forming,  by  anastomose  with  the  veins  above,  a  double  festoon 
along  the  borders,  and  entering  the  teeth  by  outside,  small  bninchlets. 
This  species  is  closely  related  to  L  denticulaia^  Heer,  (Flor.  Tert.  Helv., 
Ill,  p.  72,  PI.  cxxii.  Fig.  20,)  diflering,  however,  by  the  taper-pointed  or 
acuminate  form  of  the  leaf;  the  more  numerous  teeth  descending  lower  ou 
the  borders;  the  more  distant  and  all  opposite  secondary  veins,  which 
curve  farther  inside  and  at  a  more  acute  angle  of  divergence,  &e.  The 
nervation  is,  however,  of  the  same  type.  The  same  shale  bears  a  small, 
round,  crushed  fruit,  representing,  apparently,  a  pulpy  berry,  bearing 
one  or  two  ovate-pointed  seeds  similar  to  those  of  this  genus.  The  berry 
is  5  millimeters  wide;  the  seeds  IJ  millimeters  broad  near  the  rounded 
base,  and  3  millimeters  long. 

Habitat — One  mile  west  of  Florisant,  Colorado,  Dr.  A.  C.  Pcalc. 

Ilex  undulata,  sp.  nor. 

Leaf  narrowly  oblanceolate,  pointed,  tapering  downward  to  a  short 
petiole ;  borders  undulate,  obtusely  dentate  in  the  upi)er  i)art  of  the 
leaf,  entire  from  the  middle ;  nervation  of  the  same  type  as  that  of  the 
former.    It  may  represent  a  variety  of  the  same  species. 

Habitat, — This  specimen  is  without  label;  mixed  with  those  of  Middle 
Park. 

PALiuitus  Florisanti,  sp.  nov. 

Leaf  small,  2h  centimeters  long  only  and  1  centimeter  broad,  ovate- 
pointed(?),  (point  broken,)  rounded  at  the  base  to  a  short,  thick  petiole, 
slightly  crenulate  all  around,  triple-nerved  ;  lateral  primary  veins  from, 
above  the  base  of  the  leaf  curving  up  and  following  quite  near  the  bor- 
ders to  above  the  middle,  where  they  anastomose  with  the  lowest  pair  of 
secondary  veins,  also  opposite;  all  curving  along  the  borders,  canipto- 
drome.  The  leaf  has  the  same  areolation  as  those  of  P.  aculeatmy  Lam., 
of  Europe,  from  which  it  merely  differs  by  its  round  base,  the  lower  veins 
closer  to  the  borders,  and  the  secondary  veins  from  the  middle  only  of 
the  leaf  and  nearly  opposite. 

Habitat. — Near  Florisant,  South  Park,  Prof.  Cope. 

Rnus(f)  drymeja,  »p.  nor. 

Leaves  narrowly'  lanceolate,  acuminate,  equally  acutely  serrate,  penni- 
nerve ;  lateral  veins  close,  numerous,  simple,  craspedodronie,  parallel 
Irom  the  base,  on  an  acute  angle  of  divergence;  areolation  in  primary 
quadrate  rectangular  areas,  divided  into  small  irregular  quadrate  or 
polygonal  areolaj.  I  doubt  that  this  form,  represented  by  numerous  well- 
preserved  thickish  leaves,  may  be  referable  to  a  species  of  Ulins.  1 1  is  com- 
parable to  Quercus  lonchitisy  Ung.,  in  Fl.  of  Sotzka,  (p.  33,  PL  ix,  Fig.  1) • 
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the  loaves,  iiowever,  are  smaller  and  geuerally  nnequilateral,  either  nar- 
rowed to  tne  short  thick  petiole  or  roimded  to  it,  at  least  ou  one  side, 
like  the  leaflets  of  a  compound  leaf. 
Habitat — Middle  Park,  Dr.  Hayden. 

Rnus  Haydenii,  sp.  nov. 

Leaf  pinnately  divided  in  alternate  linear  or  lanceolate,  acute,  entire 
leaflets,  from  abrcadly  alate  raehis,to  which  they  are  joined  in  decurring; 
terminal  leafletof  thesamesizeand  form ;  nervation  pinuate,caniptodrome. 
This  fragitent  of  a  compound  leaf  represents  a  tine  and  remarkable  spe- 
cies. It  is  about  5  centimeters  long,  with  a  broadly-winged  rachis  3 
millimeters  wide  on  each  side  of  the  thin,  middle  nerve,  with  three  pairs 
of  alternate  leaflets  4  to  6  millimeters  broad,  2J  centimeters  long,  lance- 
olate, obtusely-pointed,  nearly  at  right  angle  to  the  main  rachis,  which 
they  join  by  an  acute  sinus  in  the  upi^er  side  and  a  decurring  base  on 
the  lower  one.  The  camptodrome  nervation  is  similar  to  that  of  it. 
cajmllina^  L. ;  the  alar  tissue  of  the  rachis  is  also  marked  by  forking  par- 
allel veinlets,  as  in  the  same  species. 

Habitat. — Middle  Park,  l>r.  Hayden, 

Pterocarya  Americana,  82).  nor. 

Fragment  of  an  oblong-lanceolate  leaflet,  slightly  scythe-shaped,  with 
crenulate  border,  and  camptodrome  nervation.  The  outline  of  theleaflet, 
though  the  lower  and  upper  parts  are  destroyed,  is,like  the  nervation, 
well  defined.  It  is  comparable  to  the  leaves  published  by  Gaudin,  in  Cont. 
(I,  p.  40  ,P1.  ix.  Fig.  2,)  under  the  name  of  1\  MaHsalongi.  The  substance 
of  the  leaflet  is  thin,  the  secondary  veins  more  or  less  distant,  curving  in 
ascending  to  the  borders,  and  following  them  in  successive  bows,  anas- 
tomosing with  branches  of  intermediate  shorter  veins ;  nervilles  distinct, 
nearly  at  a  right  angle  to  the  secondary  veins.  Except  that  the  borders 
of  this  leaflet  are  not  as  deeply  serrulate,  and  that  the  secondary  veins 
curve  nearer  to  the  borders, there  is  not  any  noticeable  dift'erence  between 
the  Ameri(ran  and  the  Italian  form. 

Habitat. — Middle  Park,  Dr.  Hayden. 

PoDOGONiUM,  species. 

The  collection  has,  representing  this  genus,  a  capsule,  with  its  pedicel. 
It  is,  however,  broken  in  the  middle,  and  its  specific  relation  undiscern- 
ible.  There  is  also,  from  another  locality,  a  fragment  of  a  lingulate 
leaflet,  with  a  close,  thin  camptockome  nervation,  comparable  to  the 
leaves  of  P.  Knorrii.  Ileer. 

Habitat. — Middle  Park:  the  leaflet,  Dr.  Hayden;  the  fruit,  Flori- 
sant,  South  Park,  Dr.  Feale. 

CiESALnNIA(?)  LINEARIS,  Sp,  noV. 

A  branch  of  a  com])ound  leaf,  with  a  narrow  filifonn  rjichis,  bearing 
seven  pairsof  small,  opposite,  linear  leaflets, sessile, rounded  to  the  point 
of  attachment,  sharp-pointed,  concave  or  scythe-shaped  at  the  upper 
side,  thickish,  without  trace  of  nervation  of  any  kind.  I  know  nothing 
to  which  this  fragment  could  be  compared.  It  resembles  a  branch  of 
distichous  conifer ;  but  the  mode  of  attachment  of  the  leaflets,  rounded 
to  the  base,  all  opposite;  their  scythe-shaped  form,  &c.,  are  at 
variance  with  the  characters  of  couitiers.  It  is  distantly  related  to 
species  of  Ca^salpinia^  like  Cadia  varia^  Heer,  or  some  Acacia^  like  A. 

27  GS 
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parschluffianay  Heer,  of  tbe  European  Miocene,  but  remarkably  distinct 
by  the  absence  of  a  midrib,  whose  phice  is  scarcely  indicated  by  a  de- 
pression in  the  middle  of  some  of  the  leaflets. 
Habitat — Florisant,  South  Park,  Prof.  Cope. 

Acacia  septentrionalis,  «p.  ixor. 

Leaflet  small,  entire,  coriaceous,  rigid,  with  a  rough  surface;  oblan- 
ceolate,  rounded  to  a  short  acumen  or  mucrouate,  gradually  tapering 
downward  to  the  base  ;  nervation  pinnate ;  lateral  veins  very  thin,  aero- 
drome, sparingly  branching,  anastomosing  by  cross-veinlets  in  passing 
up  to  near  the  point  where  they  curve  toward  the  middle  nerve.  This 
leaflet  is,  for  its  thick,  rigid  substance  and  its  nervation,  com  parable  to  A. 
rigida,  Heer.,  (Fl.  Tert.  Helv.,  Ill,  p.  133,  PI.  cxl,  Fig.  22,)  ditteriug,  how- 
ever, by  its  form. 

Habitat. — South  Park,  near  Castello  Eanch,  Dr.  Hayden. 

LEGU3I1NOSITES,  specics. 

A  small  legumen,  which  is  open,  and  shows  its  two  valves,  linear,  ob- 
long, truncate,  mucronate  on  one  side,  narrowed  on  the  other  to  a  short 
2)edicel ;  substance  cartilaginous;  inner  face  smooth,  shining.  The  exact 
form  ot  this  and  the  two  following  remains  is  not  well  compreheusiblo 
from  mere  description. 

Habitat. — Elko,  Prof.  Cope. 

Carpolitiies,  species. 

An  oblong-obtuse,  flattened  fruit,  or  nutlet,  truncate  at  its  base,  some- 
what more  enlarged  on  one  side,  marked  from  the  base  to  above  the 
middle  by  small  strite,  slightly  diverging  in  ascending. 

Habitat. — West  of  Florisant,  JJr.A.  C.Feale. 

Semen,  species. 

An  agglomeration  of  four  oval,  small  seeds,  3  to  4  millimeters  long, 
half  as  wide,  obtusely-pointed,  striate. 
Habitat. — Middle  Park,  Dr.  Hayden. 

SPECIES  WnOSE  REFERENCE  TO  THE  FORMER  GROITPS  IS  UNCERTAIN. 

Lastr-^ea  Styriaca,  Heer. 

Fragments  of  ultimate  linear  pinna',  pinnately  alternately  lobed; 
lobes  oval-obtuse,  disjointed  to  near  the  middle,  pinnately- veined ; 
veins  8  pairs,  simple,  curving  inward  in  going  up  to  the  borders,  thin, 
distinct.  The  species  is  represented  by  a  number  of  fragments  in  silex, 
all  very  distinct.  By  the  form  of  the  leaflets  and  their  nervation,  they 
are  referable  to  this  species,  very  common  in  the  Miocene  of  Europe. 
The  pinnules,  however,  are  somewhat  more  disconnected  than  seen  in 
the  figures,  (Flor.  Tert.  Helv.,  I,  PI.  vii-viii.) 

Habitat — Blake's  Fork,  Uintah  Mountains. 

]MUSOPHYLLUM  COMPLICATUM,  «p.  nOV. 

Stem  thick,  wrinkled-striate  in  the  length,  bearing  imbricated  and 
amplectaut  leaves,  folded  upon  another,  especially  near  the  point  of  union 
to  the  stem,  opening  in  right  angle,  variable  in  size,  obtuse;  veins  sim- 
ple, three-fourths  of  a  millimeter  distant,  parallel ;  crossed  in  right  angle 
by  obscure  veinlets.    The  stem  divides  at  its  base  into  thick  diverging 
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rootlets,  cnrviug  to  an  horizontivl  directioD.  Though  tlie  specimens 
representing  this  species  are  very  numerous  and  very  large,  I  could  not 
obtain  one  showing  exactly  the  size  and  the  form  of  these  leaves.  They 
appear  either  folded  around  a  thick  stem,  from  which  thty  diverge,  or 
on  both  sides  of  a  thick  racliis  extending  along  it  like  wings,'  two  to  three 
centimeters  wide  on  each  side.  From  the  fact  that  large  specimens  are 
covered  by  fragments  of  these  leaves  crushed  and  folded  upon  another, 
without  any  trace  of  middle  nerves  or  peduncles,  the  leaves  muvst  have 
been  of  great  size.  Their  substance  is  not  very  thin.  The  surface  is  per- 
place  covered  with  an  epidermis  which  shows  the  veins  as  crossed  by 
veinlets  at  right  angle.  When  the  epidermis  is  destroyed,  this  charac- 
ter is  not  observable;  it  may,  therefore,  result  of  a  wrinkling  of  the  epi- 
dermis. The  species  is  related  to  Miwa  Bilhiicaj  Ett.,  (Bil.  Fl.  p.  28,  1*1. 
vi.  Fig.  11,  and  PI.  vii,  Figs.  4-5;)  diftering,  however,  by  essential  char- 
acters. 
Habitat. — Hoof-shale  of  a  thin  coal,  with  the  following  species : 

Sapindus  obtusifolius,  sp.  nov. 

Leaves  compound,  pinnate,  apparently  long ;  leaflets  alternate,  very 
variable  in  size,  from  1^  to  7  centimeters  long,  and  from  G  milli- 
meters to  3^  centimeters  broad,  coriaceous,  perfectly  entire,  sessile,  uu- 
equilateral,  ovate-lanceolate,  obtusely-pointed ;  nervation  camptodrome ; 
lateral  veins  at  a  broad  angle  of  divergence,  curving  in  passing  up  to  the 
borders  and  following  close  along  them  by  a  series  of  undulations ; 
areas  large,  equilateral ;  ultimate  divisions  obsolete.  This  fine  species 
differs  from  any  fossil  published  as  yet.  The  leaves  have  been  appar- 
ently very  large ;  some  of  the  detached  leaflets  greatly  differing  in  size 
from  the  few  ones  which  were  obtained  still  attached  to  the  main  rachis  or 
pedicel. 

Habitat — The  same  locality  as  the  former ;  top  of  hills,  apparently 
overlying  the  coal-bearing  strata  of  liock  Springs,  seen  to  the  east, 
five  to  six  miles  distant.  The  clay  beds  of  .this  locality,  with  an 
abundance  of  silicified  and  petrified  wood,  the  thinness  and  poor  quality 
of  the  lignite  beds,  mark  this  place  as  referable  to  the  Upper  Lignitic 
measures.  Though  I  worked  at  the  locality  for  an  entire  day  with  a  miner, 
I  could  not  find  in  the  shale  any  other  distinct  vegetable  remains  but 
the  two  species  described  here.  As  yet^  we  have  nothing  related  to 
them  from  the  lower  lignitic  flora. 

§4.— CLIMATE   OF    THE  AMERICAN   TERTIARY   AS   REPRE- 

SENTED  IN  ITS  FLORA. 

That  the  flora  of  a  country  is  in  correlation  to  local  atmospheric  cir- 
cumstances; that  ancient  floras,  too,  bear  characters  which  relate  to  the 
same  cause,  is  an  axiomatic  assertion  which  does  not  need  any  discus- 
sion. In  considering  the  development  of  vegetable  types  from  the  first 
apparition  of  land-plants,  as  far  as  this  origin  is  known,  it  has  been  ad- 
mitted also  that  the  point  of  departure  of  the  vegetation  has  been  from  the 
simplest  organisms,  passing  up  to  more  and  more  complex  ones  in  as- 
cending the  series  of  the  formations.  According  to  this  principle,  the 
first  representatives  of  dicotyledonous  plants,  which  seem  to  have  made 
their  appearance  near  the  base  of  the  Cretaceous,  but  which  have  not 
been  remarked  as  yet,*  have  been  theoretically  considered  as  being  of  a 

**  Professor  Hcer  has,  from  tbo  Lower  Cretaceons  of  Grceuland,  a  leaf  resembliui:;  a 
PopnluSf  uiixod  still  with  Jurassic  or  Wealdeu  types. 
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very  simple  organization,  or,  so  to  say,  in  an  advontive  state  of  develop- 
niont,  prepared  in  that  way  to  rapidly  under^jo  a  series  of  inodifiefltious 
nuder  every  kind  of  i)bysieal  intlueiiees.  There  is  as  yet  scarcely  any 
document  in  coniirmation  of  this  hypothesis  and  still  less  in  coutradic- 
tion  of  it.  It  is,  in  any  way,  adaptable  to  the  explanation  of  some  peca- 
liar  analogfics  remarked  in  tnc  characters  of  the  geolo<::ical  floras. 

The  vegetation  of  the  Dakota  gioup  has  a  distant  relation  to  tbat  of 
Tlie  Upper  Cretaceous  tlora  of  Europe  by  identity  of  a  few  of  its  species, 
especially  ferns.  But,  as  yet,  little  is  known  of  the  succession  of  the 
vegetable  groups  during  the  hhiropean  (3retaceous,  and  of  the  relacions 
of  plants  to  the  geological  divisions  of  that  epoch  ;  and  though  the  an- 
alogies may  become  more  marked  by  future  discoveries  or  publications, 
it  is  only  from  the  data  furnished  by  the  American  Cretaceous  flora  that 
we  can  get  some  kind  of  criterion  of  the  climatic  circumstances  which 
have  marked  its  general  characters.*  The  descrii)tions  of  the  8i>ecies 
of  this  flora  and  the  details  in  regard  to  their  relation,  as  publislied  iu 
our  flora  of  the  Dakota  group,t  evidently  show  its  relation  to  a  moderate 
rJimate,  about  of  the  same  average  degree  as  that  of  the  middle  region 
of  !N()rtli  America.  A  number  of  Cretaceous  genera  are  still  represeutcd 
in  our.  arborescent  vegetation. 

From  the  ]>akota  group  upward,  there  is  no  trace  of  land -vegetation 
in  the  whole  North  American  continent  until  we  reach  the  Lower  Lig- 
nitic  formation.  All  the  intermediate  strata  are  marine,  and  the  series 
of  animal  remains,  which  they  have  ju'eserved  in  great  abundance,  are 
uninterru|>ted  and  uninterruptedly  Cretaceous  in  their  characters  as 
high  as  the  Lignitic.  Animal  Cretaceous  renmins  have  been  found, 
as  remarked  formerly,  even  in  shale  overlaying  Lignitic  de]x>sits. 
>'ow,  in  comparing  fossil  plants  of  the  first  ov  lowcvst  group  of  the 
Lignitic,  we  should  expect  to  find,  merely  considering  its  inmiediate 
succession  to  strata  of  Cretaceous  age,  a  flora  with  some  distinct  anal- 
ogy to  that  of  the  Dakota  group:  most  of  its  genera,  some  of  its 
species,  too.  But  it  is  not  the  case.  Some  genera,  of  course,  are  repre- 
sente<l  in  both  floras,  but  by  different  types;  and  they  do  not  have  any 
identical  species,  nor  even  any  closely -related  forms.  There  is  in  the 
general  character  a  kind  of  related /rtc/e«;  but  specific  types  of  the 
former  floras  seem  to  have  been  destroyed  during  the  j^revalence  of  the 
marine  Cretaceous  period,  and  above  its  fucoidal  sandstone,  even  within 
its  upper  strata,  and  in  connection  with  Lignitic  deposits,  tliere  a])pear8 
a  new  flora  without  positive  relation  with  former  vc^getable  types, 
and  with  but  few  of  those  of  subsequent  groups  of  idants  or  younger 
giH)logical  floras.  This  anomaly  may  be  explained  in  two  ways;  either 
by  supposing  that  during  the  i^revalence  of  the  marine  formations, 
or  by  the  submersion  of  the  land,  all  the  genera  and  species  of  the 
Cretace:)us  have  been  annihilated,  and  that  a  new  generation  of  vegeta- 
ble t:>i)es  has  covered  the  new  land  as  fast  as  it  appeared  above  the 
surface  of  the  water;  or  that  during  the  i>eriod  of  the  marine  Creta- 
ceous, the  climate  has  bec^n  gradually  moditied,  and  that,  therefore,  the 
land  at  its  fust  app:nition  has  been  invaded  by  a  vegetation  in  harmony 
with  the  climatic  circumstances  governing  this  new  epcch.  This  last 
supposition  seems  the  only  one  adnnttable,  the  more  so  as  it  does  not 
consiih^r  the  hypothesis  of  a  general  destruction  of  vegetable  tyi)e8  and 
of  subit  renovation  of  others  or  of  the  creation  of  a  new  vegetable  -i^vorld. 

*  Two  memoirH  of  tbo  Lowt^r  ami  Tpper  Cn?taceons  j1orn»  of  (Jroenlaiul  have  be«u 
pn'pared  and  are  now  in  the  way  of  pnhlication  by  ProlV-sHor  Heer. 

t  Memoir  on  tbc  fossil  pluuld  of  the  Cretuceous  Dakota  group  of  the  United  States. 
(1674.) 
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But  where  have  the  new  types  come  from,  aud  where  have  they  origi- 
uatcd  f 

The  climatic  difference  indicated  by  the  characters  of  the  North 
American  Cretaceous  flora,  in  regard  to  that  of  the  Lower  Lignitic,  may 
be  exposed  in  degrees  of  latitude  rather  than  by  thermometrical  figures 
of  an  average  temperature.  It  is  aboutthe  same  as  that  between  Ohio  and 
South  Florida.  In  the  Lower  Lignitic,  the  palms  compose  a  large  propor- 
tion of  the  flora.  Tliis  family  ot  plants  is  still  represented  in  our  present 
flora  by  species  of  Chamcerops  and  SahaL  But  they  mostly  inhabit  the 
shores  of  the  Gulf  of  Mexico,  in  South  Carolina,  and  especially  South 
Florida.  They  are  scarcely  found  inland.  The  highest  north  station  of 
Sabal  is  in  the  swamps,  at  the  mouth  of  the  Arkansas  River,  and  here 
it  is  a  mere  dwarf,  not  above  one  to  two  feet  high,  vegetating  under  the 
deep  shade  of  canes  and  swamp-trees.  With  palms  the  Lignitic  has  15 
species  of  Ficu8  of  a  type  related  to  subtropical  forms  ot*  this  genus. 
Then  Artocarpidium^  P<*owa,  a  number  of  Dlospi/ros,  large-leaved  species 
of  Viburnum^  Magnolia^  and  If ombey apsis ^  with  UhammtSy  species  of 
southern  types.  There  is  not,  however,  in  the  flora,  any  true  tropical 
form  ;  nor  do  I  find  any  of  the  so-called  Indo-Australian  types.  (Jin- 
namomum  and  Laurus  species  are  more  numerous  than  in  the  Dakota 
group,  but  scarcely  of  a  different  type.  The  distribution  of  these  two 
genera,  however,  does  not  appear  to  have  had  a  marked  relation  to 
climate  in  the  geological  times.  Diospyros  and  MagnoUn  are  also  rep- 
resented in  the  Dakota  group,  but  the  forms  or  species  are  very 
distinct  and  not  as  numerous.  Many  species  of  Khamnm  of  the 
Lower  Lignitic  are  characterized,  most  of  them  at  least,  by  thick, 
close  secondary  veins,  referring  these,  for  analogy,  to  the  present  K, 
CaroUniamis  and  Bcrchemia  voUtbiliSj  whose  range  of  distribution  is 
from  Florida  to  North  Carolina  and  South  Arkansas.  The  difference 
of  temperature  is,  therefore,  in  the  average,  equal  to  that  mjirked 
in  about  10^  to  irp  of  latitude.  It  is,  indee<l,  a  small  difference  in  con- 
sidering the  distribution  of  the  floras  of  the  Dakota  group,  and  of  the 
subsequent  groups  of  the  Tertiary,  and  it  would  be  easy  to  explain  the 
gradual  invasion  of  another  kind  of  vegetation  from  a  distance  equaling 
the  150  of  latitude  upon  the  new  land  of  the  Tertiary,  and  after  the  dis- 
appearance of  the  anterior  vegetable  types,  if  only  the  pre-existence  of 
such  a  flora  was  admittable.  There  is  no  difficulty  to  account  for  a 
higher  degree  of  temperature  for  the  Lower  Lignitic  in  considering  the 
flora  of  the  Dakota  gix)up  as  a  land-flora,  or  at  least  as  a  flora  covering 
the  coast  of  an  upland  of  wide  extent,  therefore  under  the  influence  of  a 
dry  atmosphere.  On  the  contrary,  the  Lower  Tertiary  land  emerging 
from  an  extended  sea-surtace,  as  low  swamps,  under  a  foggy  or  very  wet 
atmosphere,  should  have  its  climate  tempered  iu  a  proportional  degree, 
and  its  vegetation  an  insular  rather  than  a  continental  one.  But  this 
does  not  ex[)lain  the  disappearance  of  the  more  marked  vegetable  types 
of  the  Dakota  group,  and  still  less  their  re-appearance  in  the  upper  stage 
of  the  Tertiary. 

The  flora  of  the  second  group*,  especially  characterized  by  the  plants 
of  Evanston  and  Spring  Canon,  preserves  some  relation  to  that  of  the 
first  by  the  palms.  Remains  of  plants  of  this  family  are,  however,  in  this 
second  group,  verj^  rare,  aud  represent  mostly  fruits,  which,  though 
identical  with  organs  of  the  same  kind  found  at  Golden,  Black  Butte, 
and  the  Baton,  with  Sabal  leaves,  may,  however,  belong  to  some  other 
kin<l  of  vegetable.  There  is,  liesides,  a  diminished  proportion  of  the 
leaves  referable  to  subtropical  types.     With  this  the  second  group  has 

*  See  above :  JRemarks  on  spevies  of  the  second  group. 
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some  species  and  representatives  of  genera  whieb  Lave  been  described 
ji'om  tlie  Dakota  Cretaceous,  Cinnamomum  ^Scheuchzeri,  JAriodendron^  and 
SdHHafras^  and  it  has  also  some  of  its  species  identicsil  with  those  of  the 
Arc! ic  Miocene.  Its /«c/V/<,  therefore,  positively  indicates  a  somewhat 
cohler  temperature  than  that  of  Lower  Lignitic.    . 

With  the  third  group,  the  palms  have  disappeared  entirely,  as  well  as 
the  subtropical  types  of  the  Lower  Eocene.  Its  flora  has  also  a  Liquid' 
innh(u\  L,  gracile^  closely  allied  to  a  Cretaceous  species,  L.  integrifoUunu 
and  with  this  it  has  a  more  marked  predominance  of  ai'ctic  forms  or 
s[)ecies  identical  with  those  of  the  Miocene  of  Greenland  and  Alaska,  as 
seen  in  the  remarks  on  the  tables.  The  lowering  of  the  tempei-artire  is 
there  still  more  marked  than  with  the  second  group.  In  the  whole  ex- 
tent of  the  Lignitic  formations  we  can  see,  therefore,  from  the  character 
of  the  successive  floras,  a  slow  decrease  in  the  degrees  of  tem]>era- 
ture,  accountable,  it  seems,  to  the  diminution  of  atmospheric  humidity 
in  proportion  to  a  gradual  consolidation  and  drainage  of  the  land.  The 
same  phenomenon  is  indicated  by  the  deposits  of  Lignitic  beds,  which, 
though  of  as  great  thickness  iu  the  second  and  third  groui)8,  cover  less 
extensive  areas. 

The/rtnV'Aof  the  flora  of  the  fourth  group  evidently  re|)resents  the 
colder  climate  of  a  mountainous  region,  by  the  superabundance  of 
(•onifers  as  the  essential  constituents  of  the  forests  of  that  epoch.  It 
has,  besides,  many  species  of  shrubs,  Salir^Mt/yica,  CompUmia^  Ihw^  Rhvs^ 
which  generally  forni  the  undergrowth  of  i)ine-woo<is,  or  boitler  the 
swamps  and  streams  intersecting  them,  and  in  acconlance,  a  less  i>ro- 
portion  of  tnes  with  deciduous  leaves.  This  vegetation  of  the  Ui>per 
Tertiary  recalls  by  its  character  that  of  the  Adirondacks  of  New  York  or 
of  the  Black  Mountains  of  North  and  South  Carolina,  where  each  knob 
is  overgrown  by  one  speciies  of  conifers,  here  and  there  intermixed  with 
poplars,  birches,  sometimes  oaks  an<l  beeches,  and  where  the  under- 
growth scarcely  allows  to  penetrate  in  the  dark  recesses  of  the  forests. 
As  remarked  in  describing  and  comparing  the  species  of  this  gn)up,  the 
flora  of  each  place  where  fossil  plants  have  been  obtained  is  composed 
of  some  species  of  conifers  which  are  not  represented  at  the  other  local- 
ities. In  the  forests  of  the  plains,  conif<»rs  of  a  same  kind  are  generally 
extensively  and  uniformly  distributed,  covering  wide  areas,  as  in  some 
parts  of  Europe  and  of  North  America,  especially  in  the  maritime  ]>ine- 
woods  of  the  South  an<l  the  northern  forests  of  the  cold  plains  of  Canada, 
Norway,  &c.  J>ut  in  the  mountains  even  at  our  time  the  forests  are 
composed  of  numerous  groups  of  a  predominant  species  of  conifers, 
represented  in  separate  and  limited  areas,  and  varying  in  acconlance  to 
altitude,  exposition,  degree  of  <leclivity,  &c.  The  limitation  of  conifer- 
species  to  ditlerent  localities  of  our  Upi)er  Tertiary  is  thus  characteristic 
of  a  mountain-flora. 

In  admitting,  as  positively  proved,  the  exact  and  constant  relation  of 
the  flora  of  a  country  or  of  a  land  surface  with  the  <!limatic  circum- 
stances of  the  same  localities,  it  is  easily  understood  how  doubtful  are 
the  conclusions  taken  concerning  the  relation  of  geological  epoi'hs  in 
comparing  the  fossil  floras  of  two  continents.  The  tour  groups  of  our 
Tertiary  are  characterized  by  a  succession  of  types  bearing  constant 
increasing  analogy  to  those  our  present  fl(na  without  the  admixture  of 
foreign  vegetable  forms,  which  imprint  some  local  floras  of  Europe  with 
peculiar  and  distinct /<r((vW.  This  indicates  for  this  continent  a  long  con- 
tinuance of  the  same  climatic  circunistances  without  notable  modifi- 
cation. These  circumstances  have  not  been  of  n(»cessity  the  same  in 
Euro[)e  during  the  same  period  of  lime.    There  nuiy  have  been,  for  ex- 
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ample,  at  the  epoch  of  the  Lower  Tertiary  or  Eocene,  a  higher  tempera- 
ture, influenced  by  proximity  to  the  sea,  by  its  currents,  by  slanting 
areas  exposed  to  the  sun,  &c.,  and  of  course  a  corresponding  flora, 
Indo-Australian  or  tropical,  &c.,  while,  under  different  influence,  we  had 
at  the  same  epoch  a  more  moderate  temperature  and  a  flora  with  homol- 
ogous types,  related  to  those  appearing  later  in  Europe,  when  the  tem- 
])erature  was  at  a  lower  degree,  in  the  upper  Miocene  epoch,  for  example. 
This  explains,  of  course,  the  non-correlation  of  vegetal)le  types  at 
epochs  which  are  recognized  as  synchronous  by  their  animal  fossils,  and, 
tlierelbre,  contract  our  deductions  of  synchronism  of  strata,  as  indicated 
by  identification  of  fossil  remains,  into  more  narrow  limits.  It  is  prob- 
ably for  this  reason  that,  in  comparing  the  data  furnished  by  our  ancient 
floras  with  those  of  Europe,  we  have  constantly  recognized  a  kind  of 
precedence  of  ty^^es  which  may  be  merely  the  expression  or  ex])osition 
of  a  difi'erence  of  climatic  circumstances  at  the  same  epochs.  Of  this, 
however,  we  have  to  learn  a  great  deal  more  on  those  floras  of  old 
l)efore  we  are  able  to  take  any  reliableconclusions,  and  for  this  reason, 
also,  it  is  of  importance  to  limit  our  deductions  on  what  we  may  learn 
in  considering  our  North  American  fossil  floras. 

Paleontological  data,  animal  and  vegetable,  have  demonstrated,  for 
the  geological  times,  as  far  up  as  the  Lower  Tertiary,  or  at  least  the  Ui)per 
Cretaceous,  a  uniformity  of  climate  over  the  whole  north  hemisphere, 
from  the  pole  to  the  equator,  if  not  over  the  whole  world.  The  causes  of 
this  phenomenon  are  multiple  and  not  yet  satisfactorily  explained.  lu 
the  flora  of  the  Dakota  group,  and  also  in  that  of  the  second  and  third 
groups  of  the  Tertiary,  this  isothermal  fades  is  remarkably  proved 
by  identity  of  genera  with  those  of  the  flora  of  the  north,  or  as  far 
up  as  remains  of  fossil  plants  have  been  found,  especially  with  that  of 
Greenland.  The  Cretaceous  flora  of  Come,  described  by  Heer  in  his 
Arctic  Flora,  is  represented  only  by  species  of  ferns  and  conifers,  which 
do  not  have  any  relation  to  the  plants  of  the  Dakota  group,  except  per- 
haps by  one  single  species,  Sphenoj/tcris  Johnstrupi^  which  is  compara- 
ble to  HymenophyUnm  cretaceum.  This  flora  of  Come  may  be  refer- 
able to  a  lower  stage  of  the  Cretaceous,  as  it  has  no  remains  of 
dicotyledonous  leaves.  In  an  upper  flora  of  the  same  country.  Profes- 
sor Heer  finds  mostly  dicotyledonous  leaves,  and  recognizes  them  as 
referable  to  many  of  the  genera  represented  in  our  Dakota  group.  As 
the  memoir  of  those  plants  is  hot  yet  published,  it  is  not  known  how 
intimate  the  relation  may  be ;  but  the  generic  identity  is  enough  already 
to  indicate  analogous  climatic  circumstances  in  Greenland  and  North 
America  at  this  Upper  Cretaceous  epoch.  The  flora  of  our  Lower  Lig- 
nitic,  the  oldest  of  the  American  Tertiary,  is  as  yet  without  rela- 
tion with  any  northern  flora  known  until  now.  But  that  of  the  second 
group  and  of  the  third  are  related,  as  remarked  above,  with  the  Miocene 
Greenland  flora  by  a  number  of  species  and  typical  forms,  which  are 
characteristic  enough  to  show  that  a  same  climate  influenced  at  this 
epoch  the  vegetation  of  both  countries.  Therefore,  from  this,  it  seems 
that  as  far  ui)  as  the  Miocene  period  the  isothermal  zone  extended  from 
the  tropic  to  the  pole,  or  that  at  that  epoch  the  same  climatic  circum- 
stances have  governed  the  vegetation  of  the  North  American  continent. 

The  relation  of  the  floras  to  the  climate  being  forcibly  recognized  in 
local  diiferenees,  or  analogies  of  vegetable  forms,  it  suggests  another 
question,  that  of  the  origin  of  the  groups  of  vegetables  characterizing 
either  ditterent  stages  of  the  Tertiary  or  difl'erent  localities  of  the  same 
epoch. 

Our  flora  of  the  Dakota  group  has  for  its  essential  representatives 
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(T  consider  dicrotyleilonoiis  Rpocics  only)  leaves  of  a  coarse   coriaceons 
texture,  mostly  with  entire  borders.    A  character  of  tho  8aiiie   kind  is 
recognized  in  the  llora  of  tli<^  Lower  Lignitie  gronp,  which,  like  the  fonner, 
has  very  few  dicotyledonous  hMives  with  serrate  borders,  a  lar/ire  proiwr- 
tion  of  coriaceous  leaves,  and  also  species  of  Vihurnnm  with  boi^ders  of 
leaves  e(|ually  cut  by  short •i)ointed  teeth  turned  outside,  a    same  kind 
of  <lentation  exactly  which  is  remarked  in  a  few  dentate  speoies  of  the 
Dakota  grou]>.     In  the  European  Cretaceous  flora,  as  rejuvsented  by 
Crethtcria,  EttindhavHcuin^  iS:c.,  of  the   <^>uadersan<lstein   of    Germany, 
the  leaves  have  a /(^/(-jV-v,  which,  though  diilerent  in  some  points,  could 
be,  however,  comi>ared   with  that  of  a  few  species  of  our  Cretaeeous: 
for  example,  EtUnghausenla  Sternberfjit\  Wtiehler,  or  VhylliteH  rvpandm^ 
Sterub.,  (ligured  in  vol.  ii,Tab.xxv,  of  Fl.  <hT  Vorwelt,)  could  he  adinittetl 
as  an  original  type  of  tlie  multiph*  forms  of  Sasna/ras  of  the  Dakota 
group.     J  Jut  when  we  look  further  and  come  to  the  lloras  of  the  lowest 
Tertiary  of  Europe,  that  of  the  lower  Sezane  for  example,  which,  hy  the 
presence  of  Cretac(»ous  an<l  Tertiary  types,  seem  to  indicate^  a-  flora  of 
transition    between  these  two  formations,  and  is  recognized  as  Lower 
Eocene,  we  find  characters  pointing  out,  I  think,  to  a  multiple  kind  of 
derivation.     This    kS<»zane    ilora   has  its  dicotyledonous  type.s   repre- 
sented by  21   genera,  with  47   s])ecies,   with   more  or  less  seiTate  or 
doubly-serrate  and  dentate  leaves,  and  J 1  genera,  represented  hy  20 
species,  v»iih  en  tire- bordered  leaves;  therefore,  a  large  ]>redomi  nance 
of  leaves  marked  by  a  character  mostly  absent  from  the  Dakotagronp  and 
Lower  Lignitic^  American  lloras.    Considering  this  Eocene  Ihmi  of  Fmnce 
only,  wilh  its  spet'iesof  lktul(i,"2;  Alnun/^\  67w/w^,  2;  iV>;)«/i/,v,  1;  Salfx^ 
o;  Aral  la  ^ii'j  Grvviop>iis^r};Jii(flan(liteH^-i;  <^ela>:irites^4;  Iiliantvan^l:  «S:f.,  all, 
even  !^aJ'u\  J nglanditcH^  Khamnna^  with  serrate  leaves,  it  wonhl  be  rational 
to  suppose  that  the  original  types  of  the  dicotyledonous  Ilora  did  repi-e- 
sent  essentially  serrate  leaves;  while  we  had  reason  to  admit  a  contrary 
conclusion  from  the  characters  of  our  Cretaceous  an<l  Lignitic  lloras,  whose 
types,  even  from  the  same  gen(»ra,  fUtfjlam^  SaUi\  VopuluH,  are  represented 
by  cntire-lraved  species.    Also,  in  the  dentate  leaves  of  the  North  Amer- 
ican Crcta(*eou:!»  and  Eocene,  the  type  is  distinct.     With  v<Ty  few  excep- 
tions, these  have  the  i>ecidiar  <lentation  remarked  in  the  descri]>tion  of 
Gnriftpnis  Uaydenli  of  Nebraska,  and  of  Vibuniun  marginatum  of  J^laek 
Butte.    J  have  compared  this  last  species  to  V,  (jifjanicnm  of  Sezane,  but 
only  for  the  size  of  the  leaves  and  the  character  of  the  nervation,  ni)t  for 
the  division  of  the  borders,  as  seen  alK>ve ;  for  the  Sezane  species  baa 
long,  turned-upward  teeth,  some  of  them  doubly  dentate,  a  character  in 
accordance  with  most  of  the  other  kind  of  leaves  of  this  Euroi)ean  group. 
Jlow  to  account  for  discrepancies  of  this  kind  if     Is  the  S<»zane  Ilora  i'e[)- 
resentative  of  a  formation  absent  from  the  Anjcrican  g(*ology,  or  not  yet 
recognized  in  it;  of  a  land-formation  which,  under  ditierent  climatic  in- 
tluencj^s,  could  have  harbored  the  same  types  as  the  Sezane  ones,  intro- 
duced by  some  kind  of  agency  f    This  is  evidently  not  the  cavse,  as  the 
series  ot  the  Cretaceous  strata  from  the  Dakota  gnmp  to  tho  Lignitic  is 
iininterru])ted,  and  especially  as  both  successive  tioras  are  related  hy 
a  general  character  far  dillerent  from  that  of  the  contem])eraneou8  floras 
i)\  Europe  and  of  those  of  intermediate  epochs.     Now,  admitting  that  the 
suc<;ession  of  generic  tyi)es  indicates  continuous  <levelopment  or  multipli- 
cation of  forms  and  characters  in  ascending  from  the  lowest  strata  of  tho 
geological  t\)rmations,  shall  we  say  that  a  single  form  or  type  or  species 
has  been  at  dillerent  tiuics  the  tirst  and  only  re])resentative  of  each  gronp, 
though  wide  and  multi|)le  in  its  n»pre.<entatives  it  may  be  now  i    Or,  con- 
sideling  merely  the  dicotyledonous  plants,  which  make  their  lirst  appear^ 
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ance  at  the  beginning  of  the  Cretaceona,  are  they  all  derived  from  the 
modiiication  of  a  same  lower  form,  developed  at  the  same  or  at  different 
locnlities  under  inflaences  of  the  same  kind  f  I  d^  not  think  it  possible 
to  suppose  that  the  first  leaf  representative  of  a  dicotyledonous  has  ap- 
peared only  at  one  place  of  the  surface  of  the  earth,  nor  that  it  has  been 
derived  from  a  same  organism  over  the  whole  world,  nor  that  the  ex- 
ternal first  causes  of  modiiication  have  been  the  same.  Therefore,  even 
admitting  the  theory  of  successive  transformation  of  vegetable  types  in 
a  kind  of  ascending  scale,  it  would  be  necessary  to  consider  as  multiple, 
local,  varied  in  forms,  the  first  dicotyledonous  representatives.  If  this 
is  true  for  the  dicotyledonous  plants,  it  has  to  be  equally  a^lmitted  for 
])Iants  of  a  lower  type.  Simple  as  they  were,  then,  in  their  characters, 
they  did  hold,  as  seeds  do,  all  the  future  typical  conformations  of  their  oft- 
springH,  resultiugof  influences  of  divers  natures;  but  as  it  is  the  case  with 
seeds  of  different  kinds,  the  result  of  their  multiplication  of  growth 
shoidd,  of  course,  have  been  represented  by  groups  of  vegetables  of  dif- 
ferent characters.  This  would  account  for  the  diversity  of  floras  of  the 
same  epoch  at  distant  localities,  or  for  the  isolation  and  dissimilarity  of 
types  in  the  flora  of  two  continents  in  synchronous  formations.  I  believe, 
therefore,  that  the  disaccord  remarked  in  the  floras  of  geological  epochs, 
and  which  have  been  explained  by  displacement  of  floras,  or  what  is 
called  a  wandering  of  species,  may  be,  in  many  cases  at  least,  attributed 
to  diversity  of  orignml  forms.  The  more  we  descend  toward  the  so-called 
primitive  vegetable  types,  or  the  more  simple  have  been  the  organism 
of  plants,  the  more  easily  they  should  have  been  modified  under  local 
influences.  A  change  of  climate  of  a  few  degrees,  which  might  have 
caused  the  disappearance  or  extinction  of  some  species  of  plants,  should 
have  forced  the  deformation  of  others  or  the  birth  of  new  ones  in  a 
proportional  degree.  Though  the  intermediate  links  which  connect 
ancestors  and  descendants  in  vegetable  types  are  not  always  recogniza- 
ble, even  in  the  oldest  fossil  floras,  it  is  certain  that  all  the  groups  have 
a  general  family-^'acu'^  modified  by  some  new  and  discordant  forms  of  un- 
accountable origin.  In  our  Lignitic,  the  group  of  Evanston,  for  example, 
introduces  to  the  Tertiary  flora  the  serrate  leaves,  its  Carya^  Alnus,  Be- 
tulay  &c.  That  of  Carbon  comes  after  with  Acer,  Ulmus^  and  other  ^ew 
types.  Have  they  been  brought  up  from  Greenland,  from  Euroi>e,  or 
from  another  country,  or  have  they  appeared  for  the  first  time  where  we 
find  tliem  now  ?  They  must  have  had  their  birth  at  some  place,  anyhow  ; 
and  I  do  not  see  why  this  birthplace  should  not  be  accepted  for  the  lo- 
calities where  the  tjpes  are  recognized,  rather  than  to  suppose  them 
born  elsewhere  and  transported  hereafter,  adding  to  the  problem  a  new 
proposition,  which  renders  its  solution  still  more  diflicult.  As  said 
above,  the  question  is  merely  touched  upon,  as  I  do  not  wish  to  take 
ground  either  for  or  against  the  present  system,  now  generally  admitted, 
of  the  succession  of  species,  or  of  their  development  by  modification  of 
form  under  any  kind  of  influence.  My  purpose  is  merely  to  point  out 
the  importance  of  the  study  of  our  ancient  North  American  floras,  repre- 
sented by  more  homogeneous  groups  in  a  more  regular  succession,  less 
diversified  by  geological  disturbances,  and  which,  therefore,  may  afl'ord 
some  more  reliable  data  for  consideration.  The  history  of  the  vegeta- 
tion of  the  earth  is  in  intimate  relation  to  that  of  the  human  races. 
The  proverb,  "All  flesh  is  grass,"  is  explainable  in  this  way  :  that  the 
vegetation  of  every  epoch  is  in  immediate  relation  to  the  synchronous 
beings  ;  that  vegetable  life  comes  first  and  that  animal  life  is  dependent 
from  it ;  that  therefore  the  history  of  the  vegetation  from  its  origin,  or 
the  vegetable  paleontology,  should  not  be  left  aside  iu  considering  the 
successive  phases  of  animal  life  in  relatiou  to  the  history  of  man. 
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By  Edward  D.  Cope,  A.  M. 


Philadelphia,  July  12, 1874. 

Sir  :  I  send  herewith  a  report  on  the  stratipn^apliical  relations  and 
vertebrate  paleontology  of  the  formations  which  represent  the  Creta- 
ceous, Eocene,  Miocene,  and  Pliocene  periods  in  Colorado,  with  a  few 
s|)ecies  from  other  localities  added.  This  essay  is  based  on  material 
collected  by  myself  during:  a  part  of  the  summer  and  autumn  of  the 
year  1873,  under  the  auspices  of  the  geological  survey  of  which  you 
are  director.  This  represents  the  following  numbers  of  si)ecies  from 
the  resi)ectivo  formations,  to  which  I  have  added  the  number  from 
each  whii'h  is  believed  to  have  been  first  introduced  to  the  knowledge 
of  paleontologists : 


Format  iou.  :  Total.      New. 


PlioriMic 21  9 


MioL'ciut 7.') 

EoccMio 15 


7 


C'letawous ^ri  '  19 


Total 149  :  94 


Hoping  that  the  report  will  subserve  the  objects  of  the  survey,   I 
remain,  with  resiiect, 

EDWAKD  D.  COPE, 

Paleontologist 
Dr.  F.  V.  ITayden, 

Geologist  in  Charge,  i&o 


CHAPTER  I. 

INTRODUCTION. 

The  water-sbed  between  tbe  South  Platte  River  and  Lodge  Pole  Creek 
is  composed  sui)erfieially  of  formations  of  the  Pliocene  epoch  as  defined 
by  Hayden.  The  latter  stream  flows  eastwardly  through  the  southern' 
parts  of  Wyoming  and  Nebraska,  and  empties  into  the  South  Platte 
near  Julesburgh,  Nebr.  The  territorial  and  state  boundaries  traverse 
this  water-shed  from  west  to  east.  The  springs  on  its  southern  sloi)e, 
which  form  the  sources  of  the  northern  tributaries  of  the  South  Platte, 
issue  from  beneath  the  beds  of  the  formation  above  named.  At  or  near 
this  point  is  an  abrupt  descent  in  the  level  of  the  country,  which  generally 
presents  the  character  of  a  line  of  bluffs  varying  from  two  to  nine  hundred 
feet  in  height.  This  line  forms  the  eastern  border  of  the  valley  of  Crow 
Creek  until  it  bends  to  the  eastward,  when  it  extends  in  a  nearly  east  and 
west  direction  forat  least  sixty  miles.*  At  various  pointsalongit,  portions 
have  become  isolated  through  the  action  of  erosion,  forming  "  buttes." 
Two  of  these,  at  the  head  of  Middle  Pawnee  Creek,  are  especially  conspic- 
uous landmarks,  forming  truncate  cones  of  about  900  feet  in  elevation, 
as  Mr.  Stevenson,  of  the  survey,  informs  me.  They  are  called  the  Paw- 
nee or  sometimes  the  White  Buttes;  near  them  stand  two  others,  the 
Castle  and  Court-House  Buttes. 

The  upper  portion  of  this  line  of  bluffs  and  buttes  is  composed  of  the 
Pliocene  sandstone  in  alternating  strata  of  harder  and  softer  consist- 
ence. It  is  usually  of  medium  hardness,  and  such  beds,  where  exposed 
on  both  the  Lodge  Pole  and  South  Platte  slopes  of  the  water  shed, 
appear  to  be  ^>enetrated  by  innumerable  tortuous,  friable,  siliceous  rods 
and  stem-like  bodies.  They  resemble  the  roots  of  the  vegetation  of  a 
swamp,  and  such  they  may  have  been,  as  the  stratum  is  frequently  filled 
with  remains  of  animals  which  have  been  buried  while  it  was  in  a  soft 
state.  No  better-preserved  remains  of  plants  were  seen.  The  depth  of 
the  entire  formation  is  not  more  than  75  feet,  of  which  the  softer  beds 
are  the  lower,  and  vary  in  depth  from  1  foot  to  20.  The  superior  strata 
are  either  sandstone  conglomerate  or  a  coarse  sand,  of  varying  thickness 
and  alternating  relations ;  the  conglomerate  contains  white  pebbles  and 
rolled  Pliocene  mammalian  remains. 

This  formation  rests  on  a  stratum  of  white,  friable,  argillaceous  rock 
of  Miocene  age,  probably  of  the  White  River  epoch,  as  1  believe,  from 
the  presence  of  the  following  species,  which  I  detected  in  it:  Ilyccnodon 
horridusj  H.  crucians^  Oreodon  culhei'Uonii.  0.  gracilis^  Fcebroih^rium  ri7- 
ftomi^  Aceraiherium  oceidentale^  Hyracodon  nebrasccmis^  Anchitherium 
bairdiiy  Falccolagus  haydeniij  iHchromys  typus^  Mu8  elegans^  &c.  The 
formation  extends  to  a  depth  of  several  hundred  feet,  and  rests  on  a 
stratum  of  a  fine-grained,  hard,  argillaceous  rock  of  a  dark-brown  color. 
Some  of  its  strata  are  carbonaceous,  and  contain  vegetable  remains 
badly  preserved;  others  are  tilled  with  immense  numbers  of  fresh  and 
brackish  wat^r  shells,  including  oysters.  I  do  not  know  the  depth  of 
this  bed,  but  followed  it  to  the  southward  until  it  disappeared  beneath 
the  Loess  of  the  South  Platte.  The  age  of  this  formation  is  identical 
w  ith  that  which  underlies  the  fresh-water  basins  of  Dakota  and  Wyo- 
ming according  to  Hayden,  and  concerning  which  difference  of  opinion 

*  See  Berthoucl,  Procee<l.  Acad.  Nat.  Sci.  Phila.,  1S72,  p.  48,  wbere  the  bluffii  are  men- 
tioned. 
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exists  among  gcologistB.  I,  however,  succeeded  in  procuring  a  nnmber 
of  fossil  vertebrates  from  it,  wbicli  not  only  prove  conchisivelj  its  Me- 
sozoic  age,  but  its  horizontal  identity  with  the  reptile-bearings  Fort  Union 
beds  of  the  Ui>per  Missouri.  This  formation,  which  has  been  usually 
regarded  as  Tertiary,  I  determined  to  be  Cretaceous  in  18G9,  and  the 
present  discoveries  establish  that  view  as  correct.  The  fost^ils  which 
are  described  in  the  following  pages  represent  Dlnosauria  of  three  spe- 
cies, a  crocodile,  and  several  tortoises,  i<lentical  specifically  with  those 
obtained  by  J)r.  Uayden  on  the  Missouri,  Big  Horn  Kivers,  &c.  Some 
of  the  shells!  submitted  to  Mr.  Conrad,  and  he  pronounces  tiiem  to  he 
Cyrenan, 

South  of  the  South  Fork  of  the  Platte,  the  Cretaceous  beds  bare  an 
extensive  development,  and  south  of  the  Kansas  Pacific  Railroad  contain 
some  beds  of  pretty  good  coal.   The  high  tract  of  land  which  extends  east 
from  the  Rocky  Mountains,  and  constitutes  the  ♦'divide"  between  the 
waters  of  the  Platte  and  Arkansas,  is  comi»osed  of  Tertiary  strata  lying 
nearly  horizontal.   Afew^  days' explonit ion  among  them  revealed  chiedy 
hard,  coarse  sandstones  and  conglomerates,  which  belong  to  the  Monu- 
ment Creek  group  of  Hayden.    The  more  elevated  hills  nearest  the 
mountains -are  capped   by  a  light-colored  trachytic  rock,  believed  to  be 
of  volcanic  ongiu.   While  it  overlies  the  MonunieJit  Creek  formation,  the 
sandstone  of  the  latter  not   infrequently  incloses  angular  frnguieuts  of 
a  similar  rock,  showing  that  the  outflow  commenced  prior  to  the  period 
of  its  deposit,  and  continued  subsequently.    The  age  of  the  Monument 
Creek  formation  in  relation  to  the  other  Tertiaries  not  having  been  defi- 
nitely determined,  I  sought  for  vertebrate  fossils.    The  most  character- 
istic one  which  I  procured  w^as  the  hind  leg  and  foot  of  an  Ariiotlaatyle 
of  the  Orcodon  type,  which  indicated  conclusively  that  the  formation  is 
newer  than  the  Eocene.    From  the  same  neighborhood  and  stratum,  as 
I  have  every  reason  for  believing,  the  fragment  of  the  Megaceratopn  co- 
loradoensis  was  obtained.    This  fossil  is  equally  conclusive  against  the 
Pliocene  age  of  the  formation,  so  that  it  may  be  referred  to  the  Miocene 
until  further  discoveries  enable  us  to  be  more  exact. 

Freshwater  strata  of  probable  Eocene  age  were,  however,  detected 
by  both  Dr.  Ilayden-s  party  and  my  own  in  the  South  Paik.  These 
consist  of  laminated  argillaceous  shales  of  soft  consistency,  in  which 
great  numbers  of  flshes  and  ])lant  impressions  are  preserved.  The  fishes 
are  referable  to  only  two  species,  Amyzon  commune  and  lihineatttes pec- 
tinatuxj  and  are  described  in  chapter  11.  They  are  nearly  related  to 
species  of  the  Elko  shales  and  Bridger  formation,  and  I  suspect  that 
their  age  is  Eocene. 

From  Trout  Creek,  near  Fairplay,  we  i>rocured  a  number  of  inverte- 
brate fossils  of  Lower  Cretaceous  age,  a  few  of  which  are  descril)ed  by 
Mr.  Conrad  in  chapter  II. 

Thus  it  appears  that,  in  Colorado  as  in  Dakota,  the  formations 
of  the  Loup  Fork,  White  River,  and  Fort  Union  epochs  are  present,  and 
display  a  similar  succession  of  life,  ami  that  the  corresponding  horizons 
display  identity  in  the  generic  and  often  specific  forms  of  life.  They  also 
exhibit  the  same  marked  fauual  distinctness  from  each  other  in  Colorado 
as  in  Dakota,  and  the  Colorado  fauna  displays  the  same  strong  diver- 
sity from  the  Eocene  fauna  of  Wyoming  in  respect  to  the  genera,  fami- 
lies, aud  orders  which  can  be  comi)ai'ed. 
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CHAPTER    II. 

THE    CRETACEOUS    PERIOD. 

Section  I. — on  the  mutual  relations  of  the  cretaceous  and 

TERTIARY  FORMATIONS  OF  THE  WEST. 

The  subject  wbicli  it  is  proposed  here  briefly  to  discuss  is  one  which 
has  excited  considerable  interest  for  several  reasons.  One  of  these  is, 
that  there  exists  some  discrepancy  in  the  evidences  as  to  the  true  age  ot* 
beds  at  the  summit  of  the  Cretaceous  period  and  base  of  the  Tertiary 
in  the  Missouri  and  Rocky  Mountain  regions,  and  hence  a  difference  of 
opinion.  Another  is,  that  the  question  of  continuity  in  topographical, 
and  hence  of  faunal  and  floral,  relations,  will  be  largely  elucidated  by  a 
proper  determination  of  the  beds  in  question,  both  geologically  and 
paleontologically.  I  have  endeavored  to  attain  some  results  in  the 
latter  field  in  the  department  of  Vertehrata^  which  are  here  presented, 
with  some  stratigraphical  observations  made  at  localities  either  little  or 
not  previously  studied. 

Messrs.  Meek  and  Hayden  have  classified  the  vast  thickness  of  the 
Cretaceous  system,  recognizing  five  epochs  as  quite  distinctly  defined. 
These  are  as  follows : 

I.  The  Dakota  group,  (No.  1.) — The  present  list  does  not  include  any 
species  as  discovered  in  this  formation.  Developed  on  the  Missouri  and 
on  the  Rio  Grande,  New  Mexico. 

II.  The  Benton  group. — Seen  on  the  Missouri  River  by  Hayden,  and 
stated  by  him  to  extend  to  the  Smoky  Hill  River,  in  Kansas,  and  to 
Texas.  I  have  determined  only  three  species  from  it,  namely :  Hypo- 
8((uru8  vebbii^  a  crocodile ;  Ai)8opelix  saurifannis,  a  clui)eoid ;  and  Pele- 
corapis  varians^  a  ctenoid  fish.  Other  species  of  fishes  occur  in  the  same 
formation  in  Kansas. 

III.  The  Niobrara  group. — From  the  Missouri,  Kansas,  and  Texas, 
according  to  Hayden.  Confirmatory  of  the  last  locality  are  remains  of 
Pythonomorpha  i'rom  that  State,  discovered  and  sent  to  me  by  Mr.  A.  R. 
Roessler.  I  have  also  described  a  species  of  that  order  as  common  to 
Eastern  New  Mexico  and  Western  Kansas ;  and  Hayden  and  Leconte 
state  that  it  appears  north  of  the  Arkansas  in  Southern  Colorado. 
Vertebrate  remains  are  abundant  iu  this  formation,  and  it  has  furnished 
a  majority  of  those  investigated  by  paleontologists.  They  are  distributed 
as  follows,  among  the  orders  of  Vertebrata  : 

Aves : 

j^atatores • 2 

(!)  ISaururcc 2 

Reptilia : 

Dinosauria 1 

Pterosauria 4 

Sauropterygia 3 

Testudinata 3 

Pythonomorpha 27 
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« 

Pisces : 

iHOHponilyli 31 

Selachii 10 

IV.  The  Pierre  groxtp. — In  :Nebraska  and  Dakota,  and  Middle  (Colo- 
rado south  of  the  divide*  bi^tv/een  the  waters  of  the  Arkansas  and  Platte 
Elvers.  Also  the  lower  bed  of  Greensaiid  of  New  Jersey.  ^Besides  the 
iiiiinerous  remains  of  reptiles  and  lishes  found  in  New  Jersey,  this  for- 
mation contains  saurian  (mosasauroid)  remains  in  Colorado.  Weber 
lliver,  AVyoming,*  below  the  coal. 

V.  The  Fox  Hills  GRorr. — Extended  in  Central  Dakota;  on  tlie  Ar- 
kansas and  tributaries  in  Southern  Colorado  ;  and  as  the  second  tireeii- 
sand  bed  in  New  Jersey.t 

YT.  The  Fort  Union  or  Lignite  group. 

With  this  epoch  we  enter  debatable  ground,  and  begin  to  consider 
strata  deposited  in  brackish  or  fresh  waters,  w^hich  were  more  or  less 
inclosed  by  the  elevation  of  parts  of  the  Rocky  Mountains  sind  other 
western  regions,  and  which  are  therefore  more  interrupted  in  their  out- 
lines than  the  marine  formations  which  underlie  them.  Dr.  Hayden 
has  recognized  and  located  a  number  of  Ibruiations  of  this  character,  to 
some  of  which  he  lias  applied  the  name  of  "  transition-beds."  That  the 
period  of  their  deposit  was  one  of  transition  from  marine  to  lacustrine 
conditions  is  evident,  and  that  a  succession  of  conformities  in  ])08ition 
of  beds  may  be  traced  from  the  lowest  to  the  highest  of  them,  and  with 
the  Tertiary  strata  above  them  at  distinct  localities,  beginning  at  the 
south  and  extending  to  the  north,  is  also  proved  by  llayden  and  others. 
Jt  appears  impossible,  therefore,  to  draw  the  line  satisfactorily  without; 
the  aid  of  paleontology ;  but  here,  while  evidence  of  interniption  is  clear, 
from  the  relations  of  the  plants  and  vertebrate  animals,  it  is  not  identi- 
cal in  the  two  cases,  but  discrepant.  I  therefore  append  a  synopsis  of 
the  views  expressed  by  authors,  with  a  presQiitation  of  the  evidence 
which  is  accessible  in  my  department.  I  am  aware  that  the  combination 
1  shall  make  is  of  a  highly  intlammable  character,  because  it  not  only 
relates  to  the  most  combustible  deposits  of  the  West,  but  also  to  the 
'*  parde  honteuse  "  of  (Mmtemporary  geologists  and  paleontologists.  But 
should  any  intlammation  ensue,  I  hope  it  will  be  attributed  to  the  nature 
of  the  materials  employed,  rather  than  to  any  inattention  on  the  part  of 
the  author  to  the  just  claims  of  his  friends. 

llayden  has  named  tbe  following  as  distinct  epochs  of  transitional 
charjicter,  all  of  which  he  originally  referred  to  the  Tertiary  ]>eriod.  I 
give  them  in  the  order  of  age  which  he  has  assigned  to  them.J  (1.) 
Placer  Mountain  ;  locality.  New  Mexico.  (2.)  Canon  City  coals,  Southern 
Central  Colorado.  (3.)  Fort  Union,  or  Lignite  group ;  Dakota,  Montana, 
and  Wyoming.  (4.)  The  Bitter  Creek  series;  embnicing  the  Bitter 
Creek  coals,  Wyoming.  (5.)  Bear  Kiver  group.  Western  Wyoming. 
To  these  may  be  ad<led  the  Judith  Biver  beds  of  Montana,  which  Dr. 
llayden  has  plarjed  with  reservation  below  the  Fort  Union  series,  leav- 
iuir  their  tinal  location  for  future  discoveries. 


**  llaydon's  Annual  Report,  1H70,  p.  1G7. 

t  For  :i  ivview  of  tlu»  extinct  roptiles  of  tliis  epoch, sec  tlie  author*& Extinct  Butrachiai 
Reptilia,  &.C.,  N.  Am.,  1^70. 
t  Geological  Survey  of  Coloratlo,  18G9,  p.  90. 
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Ko  vertebrate  remains  having  come  under  the  author's  not  ice  from  the 
Placer  Mountain  and  CaQon  City  formatioiia,  no  further  notice  can  bo 
here  t?ken  of  them  beyond  the  statement  that  they  are,  as  Meek  indi- 
cates, of  Cretaceous  age,  not  far  removed  from  the  horizon  of  the  coals 
of  Weber  River,  Utah,  The  presence  of  ammonites  and  baculites  above 
and  below  them  has  indicated  such  a  conclusiou  to  Leconte,*  as  it  has 
in  the  case  of  the  Weber  River  beds  to  Dr.  Hayden.t  To  near  the  same 
horizon  is  perhaps  to  be  referred  the  coal  observed  by  Professor  JVIarsh t 
on  the  south  side  of  the  Uintah  Mountains  in  Utah,  which  were  overlaid 
by  strata  containing  Ostrea  congesta.  This  may,  indeed,  be  referred  to  a 
still  older  period,  as  that  oyster  is  characteristic  of  No.  3,  according  to 
Meek  and  Hayden.  The  Placer  Mountain  and  Canon  City  groups  are 
nearer  to  No.  5,  but  the  precise  relation  to  it  has  not  yet  been  deter- 
mined.   1  therefore  proceed  to  the  Fort  Union  group  as  No.  G. 

This  extended  deposit  is  stated  by  Hayden§  to  extend  from  the  Mis- 
souri Valley  to  Colorado,  passing  under  Tertiary  beds  by  the  way.  That 
this  is  the  case  has  been  confirmed  by  the  researches  conducted  in  the 
northern  and  eastern  portions  of  Colorado  during  the  season  of  1873  by 
the  writer.ll  I  present  comparative  lists  of  the  vertebrate  species  known 
from  the  Platte  and  Missouri  Valleys  in  the  respective  Territories : 

COLORADO.  DAKOTA. 

Compsemys  victtis,  Compsemys  victus. 

Adocus  lineolatus,  Adocus  lineolatus. 

Plastomenus  punctulatus,  Flastomenus  punctulatus, 
Flastomenus  insignis.  •  • 

Trionyx  vagans,  Trionyx  vagans, 

♦  •  Jschyrosaurus  antiquus. 

•  •  Flesiosaurus  occidutis. 
BoUosaurus  perrvgoaus.  •  ♦ 
Polyonax  mortuarlus. 
Cmwdon  arctatus. 
f  Hadrosaurus  occidentalis.  Hadrosaurtis  occidentalis. 

The  identity  and  correspondence  of  the  species  indicate  that  these 
remote  localities  contain  the  remains  of  the  same  fauna.  Further,  the 
presence  of  the  orders  Sauropterygia  and  Dinosauria  establishes  conclu- 
sively the  Cretaceous  and  Mesozoic  character  of  that  fauna.^  This 
reference  was  made  by  the  writer  in  1869,  and  was  at  that  time  opposed 
to  the  views  extant,  both  geological  and  paleontologicah  The  following 
exhibits  the  state  of  opinion  on  this  point  at  that  time : 

1856.  Meek  and  Hayden,  Proceedings  Academy  Philadelphia,  p.  63, 
referred  them  to  the  Tertiary. 

1856.  Meek  and  Hayden,  loc.  ciUj  p.  255 ;  Lignite  referred  to  the  Mio- 
cene. 


*  Report  on  the  Geology  of  the  Smoky  Hill  Pacifio  Railroad  Roate,  1868,  p.  66. 

t  AnDual  Report,  1870,  p.  168. 

X  See  aa  interesting  article  by  Prof.  O.  C.  Marsh  on  the  Oeology  of  the  Eastern  Uintah 
Mountains ;  Anier.  Jonr.  8oi.  Arts,  March,  1871. 

$  Annual  Report,  Colorado,  1869,  p.  89. 

II  See  Bulletin  of  the  United  States  Geological  Snrvey,  1874,  p.  10. 

1[  Two  species  are  provisionally  referred  to  the  Tertiary  genua  PUuiomenuaj  hut  ard  too 
fragmentary  for  final  determination. 

28  as 


•  • 
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185G.  Meek  and  Hayden,  loc.  r?7.,  113  ;  referred  to  Lower  Tertiary. 

18r»().  Leidy,  loc.  cit,  p.  312 ;  TheHpcHius  occideiitaUsj  (ITadrofiauruij) 
refcnv.d  to  tiie  Mammalia  and  re<^anlrd  as  perhaps  JMnosaurifiu. 

185(1.  Loidy,  loc.  cit.^  185G,  p.  89;  Incliyrosaurus  referred  to  the  Mamma- 
lia as  a  iSirenlan. 

1800.  ILiyden,  Transac.  American  Philosopli.  Society,  repeats  former 
coneliisi(»iis,  and  Leidy  reefers  ThcHpcHius  more  decidedly  to  the  Sauria, 

18()8.  Uayden,  Ainer.  Journal  JScience  Aits,  18G8,  p.  204;  Lfi^^nites,  re- 
garded as  Tertiary,  from  both  vej^etable  and  animal  refnains  from  the 
Missouri  and  tiie  Laramie  Plains. 

ISOS.  Leconte,  Exploration  of  the  Smoky  Hill  R.  R.  Route,  p.  G5;  the 
Colonido  beds  are  '^  older  than  those  of  the  Missouri  or  Great  Lignite 
bed  of  Hayden,  which  are  probably  Miocene,"  &c. 

1809.  Cope,  Trans.  Amer.  Philos.  Soc,  i)p.  40,98,  243;  8ui)posed  mam- 
malian remains  proved  to  be  reptilian,  and  the  formation  referred  to  the 
Cretnceous. 

1871.  Newberry,  in  Hayden's  Annual  Report,  pp.  95,90;  Li^ite  flora 
regarded  as  Miocene. 

1874.  Cope,  loc.  supra  cit.]  Lignite  of  Northern  Colorado  referred  to 
tbe  same  horizon. 

The  Judith  Riverbeds  may  be  noticed  in  this  connection.  They  liave 
yielded  but  few  vertebrate  remains,  namely,  six  species  of  ReptiUa.  Four 
of  these  are  IHnosauria^  and  hen<^e  diagnostic  of  the  Mesozoic  age  of  tbe 
formation.  The  [iresence  of  a  8i>ecies,  UadromumH  m  irabiltH,  Leidy,  closely 
allied  generically  and  specijicallf/  to  a  species  (11.  foull'ci)  of  Cretaceous 
Nos.  4  and  5  of  New  Jersey,  induces  me  to  believe  that  the  formation  is 
Cretaceous,  and  such  would  appear  to  have  been  the  suspicion  of  Messrs. 
Meek  and  Hayden  when  they  originally  described  the  <leposit  and  its  in- 
vertebrate fossils.  Leidy  suspecte<l  that  the  spexiies  '•  indicate  the  exist- 
ence ol'  a  a  formation  like  that  of  the  Wealden  in  Europe."*  Meek  and 
Hayden  t  remarked,  ''We  areincline<l  to  think  Avlth  Professor  Leidy  that 
there  may  be  at  the  base  of  the  Cretaceous  system  a  fresh-water  forma- 
tion like  the  Wealdcn.  Inasmuch,  however,  as  there  are  some  outliers 
of  freshwater  Tertiary  in  these  lowhmds,  we  would  suggest  that  it  is 
barely  possible  these  renmins  may  belong  to  that  epoch."  From  the 
stand-point  of  the  writer,  these  beds  would  be  at  the  top  of  the  Ci^eta- 
ceous,  and  more  or  le«s  related  to  the  Fort  Union  epoch.  Mr.  Meek  ex- 
presses himself  t  cautiously  with  reference  to  the  age  of  the  Fort  Union 
and  Judith  River  formations,  as  follows:  *'The  occurrence  of-'  fossils 
8pecifie<l  *'at  the  Judith  River  localities  would  certainly  strongly  favor 
tiie  conclusion  not  only  that  this  Judith  formation,  the  age  of  which  has 
so  long  been  in  doubt,  is  also  Cretaceous,  but  that  even  the  higher  fresh- 
water Lignite  formation  at  Fort  Clark  and  other  Upper  Missouri  locali- 
ties may  also  be  Upper  Cretaceous  instead  of  Lower  Tertiary.  That  the 
Judith  River  beds  may  be  Cretaceous,  1  am,  in  the  light  of  all  now 
known  of  this  region  of  the  continent,  rather  inclined  to  believe.  But 
it  would  take  very  strong  evidence  to  convince  me  that  the  higher  fresh- 
water Lignite  series  of  the  Upper  Missouri  is  more  ancient  than  the 
Lower  Eocene.  That  they  are  not  is  certainly  strongly  indicated  not- 
only  by  the  modern  aftinities  of  their  molluscan  remains,  but  also  by  the 
state  of  preservation  of  the  latter,"'  &c.  It  is  thus  evident  that  the 
paleontologists  as  well  as  stratigraphers  have  continued  to  regard  the 

'  *  Proceed in^H  Acacleniv  riiiladclplua,  1850,  p.  73. 

\  Loc.  cit,  lf<5<>,  p.  114.* 
t  llayden'B  AduuuI  Keport,  lf*72j  p.  450. 
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Lignite  series  as  Eocene  and  not  Cretaceous,  as  is  and  has  been  main- 
tained by  tbe  writer  since  1868. 

VIL  The  Bitter  Creek  series,  mentioned  bv  the  writer  as  a  dis- 
tinct group  in  the  Proceedings  of  the  American  Philosophical  Society, 
187-2,  (published  on  August  12,)  is  apparently  regarded  by  Mr.  Meek 
also  as  representing  a  distinct  epoch.*  He  says,  "The  invertebrate 
fossils  yet  known  from  this  formation  are  in  their  specific  relations,  with 
Ijossibly  two  or  three  exceptions,  new  to  science  and  different  from  tjjose 
yet  found  either  at  Bear  River,  Coalville,  or,  indeed,  elsewhere  in  anj'^ 
established  horizon,  so  that  we  can  scarcely  more  than  conjecture  from 
their  specific  affinities  to  known  forms  as  to  the  probable  age  of  the 
rocks  in  which  we  find  them."  On  this  account,  and  because  of  the 
great  stratigraphical  differences  exhibited  by  the  Bear  River  and  Evans- 
ston  coal-strata,  I  have  followed  Hayden  in  regarding  the  Bear  River 
group  on  the  west  side  of  the  Bridger  basin  as  representiug  a  distinct 
series  of  rocks,  with  present  knowledge.  On  this  accouut  I  omit,  as 
heretofore,  allusion  to  determinations  of  age  of  the  latter  formation  as 
irrelevant  in  discussing  the  age  of  the  Bitter  Creek  epoch,  f 

My  own  observations  on  the  relations  of  these  rocks,  made  during 
the  summer  of  1872,  have  been  in  measure  anticipated  by  tbe  detailed 
reports  of  Messrs.  Meek  and  Bannister, |  which,  with  the  older  observa- 
tions of  Dr.  Hayden  and  Mr.  Emmons,  (of  King's  survey,)  leave  little 
to  be  added.  However,  as  none  of  these  gentlemen  paid  especial  atten- 
tion to  the  vertebrate  paleontology,  the  bearing  of  this  department  iu 
relation  to  the  stratigraphy  remains  to  be  explained. 

As  Dr.  Hayden  remarks,  the  Union  Pacific  Railroad,  at  Black  Butte 
station,  passes  through  a  monoclinal  valley,  the  rocks  ou  both  sides 
having  a  gentle  dip  to  the  southeast.  This  dip  continues  to  the  east- 
ward to  near  Creston,  where  the  beds  pass  under  the  newer  Tertiary 
strata.  Following  the  railroad  westward  from  Black  Butte,  the  same 
dip  continues  to  near  Salt  Wells,  where  we  cross  an  anticlinal  axis,  the 
dip  of  the  strata  being  gentle  to  the  northwest.  There  are  minor  vari- 
ations in  the  dip,  but  the  general  result  is  as  stated.  They  disappear 
five  miles  east  of  Rock  Spring  station,  beneath  the  latter  beds  ol  the 
Green  River  Tertiary,  which  at  this  point  presents  a  line  of  strike  ex- 
tending northe^ist  and  southwest^  across  the  railroad  in  the  form  of  a 
range  of  bluffs  of  considerable  elevation.  They  are  composed  of  lighter- 
colored  and  softer  material  than  the  Bitter  Creek  strata.  The  latter 
consists  of  alternating  beds  of  hard  and  soft  sandstone,  with  argillaceous 
and  carbonaceous  strata.  The  upiier  part  of  the  series  contains  eleven 
coal-strata ;  at  Rock  Spring  I  was  informed  that  the  upper  was  ten  feet 
in  thickness,  and  the  next  four  feet.  Returning  eastward,  the  heavier 
bedded  sandstone  is  low  in  the  series  at  Point  of  Rocks,  in  consequence 
of  the  southeast  dip ;  and  the  upper  beds  are  softer  and  abound  in  fossil 
shells.  At  Black  Butte  station,  the  heavy  sandstone  bed  disappears 
from  view  toward  the  ea^t,  and  the  eleven  coal-strata  appear  above  it. 
About  twenty  feet  above  the  sandstone,  between  two  of  the  thinner 
beds  of  coal,  the  bones  of  the  Agathaumas  sylvestris  were  found  imbedded 
in  leaves  and  sticks  of  dicotyledonous  plants,  cemented  together  by 
sand  and  clay.    Where  the  heavy  sandstone  bed  disappears  below  the 

level  of  the  track  of  the  railroad,  in  the  course  of  its  eastern  dip,  a  thin 

*      — — ^ —    ■  » 

*  Ilayden's  Annual  Report,  1872,  pp.  459,  4G1,  published  April,  1873. 

t  Tills  course  has  been  luisuuderHUMxl  by  Mr.  Meek  aud  others  as  implying  a  design 
to  ignore  those  determinations.  Both  Mr.  Emmons  and  Mr.  Meek  are  clear  in  the  ex* 
pression  of  their  conclusions  as  to  the  ago  of  the  Dear  River  epoch. 

I  See  Hayden's  Annual  Report,  1872,  pp.  457,  525, 
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bi'd  of  coal  just  above  it  soon  follows;  then  a  bed  of  sliells  containing 
oysters,  more  and  less  numerous  at  different  points,  may  be  traced  for 
some  distance  before  it  also  disa])pears.  ^ear  the  latter  point,  a  bed  of 
melanian  and  other  fresh-water  shells  is  seen  a  few  feet  above  them. 

A  section,  carried  for  ei|?ht  miles  south  of  Black  I>ucte  station,  exhib- 
its the  relation  of  the  Bitter  Creek  series  to  the  superincumbent  Tertia- 
ries  very  instructively.  The  whole  seri(^«  rises  sli<j:htly  to  the  southward, 
and  more  distin(!tly  to  the  Avestwanl,  so  as  to  form  an  escarpment  as  the 
eastern  border  of  an  open  valley,  which  extends  south  from  the  raihroad 
lust  west  of  the  station.  The  heavy  bed  of  sand-rock  is  here  as  else- 
where the  landnuu'k  and  strati^raphical  base-line.  Moving  south  from 
the  railroad,  we  keep  alonj?  the  strike  of  the  lower  coal-beds.  Just 
above  the  sandstone  bed  the  softer  stratum  thickens,  and  six  miles  from 
the  station  is  covered  with  the  debritt  of  immense  numbers  of  Leptesthes 
crassatelli/onniH.  Passing  over  the  edges  of  the  strata  toward  the  south- 
east, I  ex)unted  eight  beds  of  coal,  separated  by  various  short  intervals, 
the  eighth  being  the  heaviest,  and  live  or  six  feet  thick.  Above  this  one, 
three  thin  beds  of  lignite  were  crossed  in  succession,  each  accompanied 
with  an  abundance  of  leaves  of  chieflj'  dicotyledonous  plants.  Then 
came  the  ninth  bed  of  coal,  and  then  in  order  three  more  beds  of  lignite, 
Avith  abundant  leaves.  During  this  time  the  ascent  became  less  steep, 
and  a  number  of  level  tracts  were  passed  before  reaching  the  ui>per  l>^ 
of  lignite.  Beyond  this  I  passed  another  short  flat,  which  was  marked 
by  a  number  of  worn  banks  of  the  light  ash-color  that  distinguishes  the 
material  ot  the  bluffs  of  the  Green  River  Tertiary  which  overlie  the  coal* 
series  near  Itock  Springs.  I  had  not  ridden  a  quarter  of  a  mile  before 
reaching  a  low  line  from  which  one  of  my  men  picked  up  a  jaw  of  a 
small  mammalian  allied  to  the  Bridger  Hyopsodus^  or  Hyracothenum  of 
the  Eocene  of  France  and  Switzerland,  and  a  number  of  PaludtnaMki^ 
shells.  I  had  thus  reached  the  summit  of  the  Bitter  Creek  formation, 
which  did  not  appear  to  be  much  more  than  three  hundred  and  fifty  feet 
above  its  base  at  the  railroad.  In  full  view,  a  mile  or  two  to  the  south, 
rose  the  first  of  the  benches  which  constitute  the  levels  of  the  Green 
River  formation.  Between  this  and  the  first  mammal-producing  bed 
rose  three  banks,  one  beyond  the  other,  measuring  altogether  one  hun- 
dred and  twenty  feet ;  perhaps  the  lowest  was  ten  feet  above  the  first 
bank,  and  this  one  not  more  elevated  above  the  last  lignite  and  leaf  bed. 
In  all  of  these,  I  found  bones  of  Green  River  Yertebrata  exceedingly 
abundant,  but  all  dislocated  and  scattered,  so  as  to  be  rarely  in  juxta- 
position.   These  consisted  of  the  following  species : 

Fishes  : 

Clmtes  (!)  glaber. 

Reptiles  : 

Emys  megaulajc. 
Umyft  pachylomus. 
Emys  cutlinetus. 
Ti'ionyx  Hcutumantiquum. 
Alligator  heterodon. 

Mammals  : 

Orotherium  vasacciensej  and  fragments  of  others  too  imperfect  for 
determination. 

In  the  third  bank,  in  immediate  juxtaposition  with  the  remains  just 
enumerated,  I  found  another  thin  bed  of  lignite,  but  this  time  without 
any  visible  leaves.    In  a  fourth  line  of  low  bluffs,  a  little  beyond,  I  found 
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that  remarkable  mammal  Meialophodon  armatus,  Avith  its  dentition  nearly 
complete,  in  connection  with  fragments  of  other  mammals  and  reptiles. 

Behind  these  rises  the  first  line  of  white  blufi's,  already  described, 
which  extends  away  to  the  east ;  to  the  west  it  soon  terminates  in  a 
high  escarpment,  in  north  and  south  line  with  that  of  the  Bitter  Creek 
beds,  already  mentioned  as  bounding  a  north  and*  south  valley.  This 
and  the  superjacent  strata,  which  we  pass  over  in  going  south,  appear  to 
be  conformable  to  those  of  the  Bitter  Creek  series  beneath  them.  1  say 
''  appear,"  for  slight  differences  of  dip  are  not  readily  measured  by  the 
eye ;  yet  I  suspect  that  the  conformability  is  very  close,  if  not  exact, 
and  similar  to  that  mentioned  by  Meek  and  Bannister  as  exhibited  by 
the  beds  of  the  Washakie  group,  which  lie  upon  the  coal-series  east  of 
Creston.  The  white  bluffs  add  perhaps  one  hundred  feet  to  the  eleva- 
tion. On  their  summit  is  a  thin  bed  of  buff  clay  and  sand  rock,  similar 
to  the  upper  strata  of  the  Bitter  Creek  series,  and  containing  numerous 
shells  and  some  scattered  teeth  and  scales  of  fishes.  I  called  Mr. 
Meek's  attention  to  the  specimens  of  these  shells  which  I  sent  him,  and 
his  reply  was  that  most  were  of  identical  species  with  those  of  the  coal- 
series.  Cretaceous,  and  that  they  presented  no  general  peculiarity. 

At  a  short  distance  to  the  southward,  another  line  of  white  bluffrt 
extends  across  the  line  of  travel.  This  is  not  more  elevated  than  the 
preceding  one  j  I  only  found  remains  of  tortoises  on  it.  Several  miles 
to  the  south  we  reach  another  bench,  whose  bluffy  face  rises  four  or 
five  hundred  feet  in  buttress-like  masses,  interrupted  at  regular  intervals 
by  narrow  terraces.  This  line  is  distinguished  for  its  brilliantly-colored 
strata,  extending  in  horizontal  bands  along  the  escarpment.  They  are 
brilliant  cherry-red,  white,  true  purple,  with  a  bloom-shade,  yellow,  and 
pea  green,  forming  one  of  the  most  beautiful  displays  I  ever  beheld.  The 
lower  portions  are  bright-red,  which  color  predominates  toward  the  west, 
where  the  blufis  descend  to  a  lower  elevation,  i  found  on  them  remains 
of  a  turtle,  (Emys  euthnetuSj  Cope,)  and  some  borings  of  a  worm  in  a  hard 
layer.  On  top  of  these  are  clay  and  slate  rocks  of  a  muddy-yellow  color, 
with  their  various  ledges  rising  to  perhaps  two  hundred  feet.  Continu- 
ing now  to  the  southeastward  along  the  old  stage-road,  we  cross  South 
Bitter  Creek  at  the  old  Laclede  station.  Some  miles  south  and  east  of 
this  point  we  cross  a  band  of  buff  sandstones,  forming  a  bluff'  of  fifty  or 
more  feet  in  elevation.  Below  it  lie  more  white  or  ashen  beds,  which 
contain  remains  of  mammals  and  turtles  rather  decayed.  A  short  dis- 
tance beyond  these,  and  forty  miles  from  Black  Butte  station,  we  reach 
the  base  of  the  enormous  pile  of  sediment  which  I  have  called  the 
Mammoth  Buttes.  These  form  a  horseshoe-sha[)ed  mass,  the  concavity 
presenting  south  and  eastwardly,  the  summit  narrow,  serrate,  and  most 
elevated  to  the  east,  and  desending  and  widening  toward  the  south. 
I  estimated  the  height  of  the  eastern  end  to  be  at  least  one  thousand 
feet  above  the  plain  surrounding  it.  Numerous  mammalian  remains* 
demonstrated  that  this  mass  is  a  part  of  the  Bridger  Eocene,  although, 
as  Mr.  Emmons,  of  King's  survey,  informs  me,  no  continuous  connection 
with  the  principal  area  west  of  Green  River  e^n  be  traced.  The  total 
thickness  of  the  Green  Eiver  and  Bridger  formations  on  this  section 
cannot  be  far  from  twenty-five  hundred  feet,  at  a  very  rough  estimate. 

The  point  of  transition  from  the  Cretaceous  to  the  Tertiary  deposits, 
as  indicated  by  the  vertebrate  remains,  is  then  in  the  interval  between 
the  last  plant^bed  at  the  summit  of  the  buff  mud-rocks  and  the  mam- 
mal-bone deposit  in  the  lowest  of  the  ash-gray  beds.    Below  this  line 

*  See  Tbo  Monster  of  Maiumoth  Battes,  Penn  Moiitbiy  Magazine,  1873,  Aogast. 
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the  formation  must  be  nceoiinted  as  Cretaceous,  on  account  of  the  pres- 
ence of  the  Diiiosanrian  Aifathaumas  HylveHtriH  ;  and  those  above  it,  ad  I 
have  aheady  pointed  out,  Eocene,*  on  account  of  the  types  of  Mamma- 
Ua  contained  in  them. 

The  authorities  on  the  Bitter  Creek  formation  have  preseuted  views 
more  or  less  at  variance  with  those  entertained  by  the  writer,  or  of  8uch 
dnl)ious  character  as  to  fidl  very  far  short  ol  the  requirements  of  evi- 
dence. Dr.  Hayden  hns  repirded  them  as  Tertiary  and  as  trausitioual 
from  Cretaceous  to  Tertiary.  Mr.  Kin^,  in  his  very  full  article  on  the 
Green  liiver  biisin,  detinitely  refers  the  lower  part  of  the  series  to  the 
Cretaceous,  in  the  following  language :  t  "  We  have,  then,  here  the  upper- 
most members  of  the  Cretaceous  series  laid  down  in  the  perioil  of  the 
oceanic  sway,  and  quite  freely  charged  with  the  fossil  relics  of  marine 
life;  then  an  uninterrui>ted  passiige  of  conformable  beds  through  the 
brackish  period  up  till  the  whole  Green  liiver  basin  became  a  single 
sheet  of  fresh  water."  He  regards  the  line  of  the  upper  bed  of  oysters 
ns  the  summit  of  the  Cretaceous,  and  the  superimposed  beds  as  Tertiary, 
in  the  following  language,  (p.  403;)  *' while  the  fresh-water  species, 
wliicl)  are  found  in  connection  with  the  uppermost  coal-beds,  st^em  to 
belong  to  the  early  Tertiary  period."  Ue  tlius  places  the  line  some  dis- 
tsince  within  what  I  have  regarded  as  the  Crt  taceous  boundary  ;  what 
the  significance  of  this  conclusion  is  will  be  subsequently  considered. 

Mr.  Les(piereaux,  as  is  known,  regards  these  beds  as  Tertiary,  not 
only  on  account  of  their  vegetable  fossils,  but  also  on  account  of  the 
stratigraphic  relations  of  the  formation.  His  conclusion  to  thisetfect  is 
consistent  throughout,  and  is  a  fact  of  the  highest  importance  iu  this 
connection. 

Mr.  Meek  has  fully  discussed  the  age  of  this  series  in  his  interesting 
arti(!le  in  Hay  den's  Annual  Keport  for  1872,  the  general  tenor  of  which 
is  indicated  by  the  passage  I  have  (fuoted  from  the  opening  of  his  re- 
marks ill  the  beginning  of  the  ])resent  notice  of  the  Bitter  Creek  beds. 
His  opinions  may  be  cited  as  follows:  In  the  Annual  Report  for  1870,  he 
determined  the  beds  visible  at  llallville  as  Tertiary ;  in  that  of  1871, 
Three  species  of  oysters  from  other  parts  of  the  Bitter  Creek  beds  are 
placed  in  the  Cretaceous  list,  each  one  with  question  as  to  the  identifica- 
tion of  s])ecies,  a  point,  it  is  to  be  noticed,  equivalent  in  the  case  of 
oyst(*rs  to  (pu\stion  of  the  age  of  deposit.  Tlie  remarks  in  his  report,  sxs 
well  as  those  in  Mr.  King's  report,  refer  either  to  the  much  lower  Weber 
River  coal  or  to  the  ditterent  area  of  the  BearKiver  group,  and  are  con- 
se(|uently  noticed  under  that  head. 

In  a  paper  on  the  age  of  these  beds,  published  August  12, 1872,  the 
writer  asserted  the  Cretaceous  age  of  the  series.  On  this  Dr.  Baunis- 
ttT,  the  companion  of  Mr.  Meek,  writesf  that  *'  Mr.  Meek,  and,  I  believe, 
Mr.  Kmmons  also,  had  consi4lered  that  these  beds  might  be  Cretaceous, 
but  this  was  rather  on  account  of  the  change  in  the  fossil  fauna  from 
purely  fresh-water,  as  in  the  characteristic  Tertiary  of  this  region,  to 
biiM'kishwater  marine,  and  the  si)ecilic  atlinities  of  a  few  of  the  fossils 
to  California  Cretaceous  species,  than  from  any  very  positive  evidence. 
As  far  as  I  know,  the  only  evidc  nee  of  this  kind  is  the  identification  by 
Trolessor  Cope  of  the  saurian  renniins  found  by  us  at  Black  Butte." 

It  only  remains  to  observe  that  the  strata  and  coal  of  the  Bitter  Creek 
gionp  of  the  (Cretaceous  are  either  wanting  on  the  western  and  southern 


'  i)\\  rmthmodon,  :ni   extinct   gemis  ol"  nii;;iil:ites,  Feb.   10,   ItC'J,     liayilcu*s  Auiinal 
K»'|>ort,  l?<70,  p.  4:U  ;  Annual  Report.  1S72,  p.  ()4r>. 
t  JLxpluiation  of  tlie  Forti<"t!i  l*aiallel,  p.  A^y^, 
;  Annual  Keport,  lb7*-^,  p.  Do4. 
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borders  of  the  Green  Eiver  bnsin,  or  are  concealed  by  tlie  anperincum- 
bent  Tertiaries.  Instead  of  these,  a  comparatively  thin  bed  of  appar- 
ently uuiossiliferons  qnartzite  or  sandstone  lies  at  a  high  angle  against 
the  bases  of  the  Uintah*  and  Ham's  ForkMonntaius  respectively,  on  beds 
of  Jnrassic  age,  which  are  probably  Cretact^ous  No.  1,  (Dakota.)  The  beds 
observed  by  Professor  Marsh  on  the  sonth  aide  of  the  Uintah  Mountains, 
on  Brush  Creek,  belong  neither  to  the  Dakota  nor  Bitter  Creek  epochs, 
but  perhaps  to  No  3,  if,  as  Professor  Marsh  asserts,  the  oyster  found  in  a 
8U])erjacent  stratum  is  Ostrea  congesta^  Con.;  it  is  in  any  case  of  no  later 
date  than  the  Canyon  City  or  Weber  River  coals.  Hence  the  assumption 
of  some  writers  that  this  discovery  determined  the  age  of  the  Bitter  Creek 
series  to  be  Cretaceous  is  without  foundation  in  fact. 

Vni.  The  Bear  River  group  of  Hayden  occupies,  according  to 
him,  a  distinct  basin,  to  the  west  of  an  anticlinal  axis,  which  se])arate8 
it  i'rom  that  of  Green  River.  It  is  buried  under  Tertiary  beds,  the  age 
of  which  has  been  a  question  of  interest,  and  will  be  hereafter  considered. 
In  order  to  determine  the  relations  of  the  two  basins,  a  section  was  car- 
ried across  the  rim  of  the  eastern,  starting  from  the  Fontanclle  Creek, 
eighty  miles  north  of  the  Union  Pacific  Railroad,  and  continuing  toward 
the  upi3er  waters  of  Ham's  Fork  of  the  Green  River  to  the  westward. 
My  notes  are  as  follows : 

The  beds  of  the  Green  River  epoch  dip  gently  from  the  point  where 
my  last  notes  left  them  near  the  Rock  Spring  station,  toward  the 
northwest  nW  the  way  to  Green  River.  The  upper  strata  become  slaty 
in  character,  and  descend  to  the  water-level  at  the  river,  where  they 
form  a  high  blnfi*.  In  these  slates  occur  the  fish-beds  discovered  by  Dr. 
Hayden,  as  well  as  the  insect-beds  noticed  by  Messrs.  Denton  and  Rich- 
ardson. They  are  worn  into  towers  and  other  picturesque  forms  at 
Green  River  City.  (See  Uayden's  Annual  Report,  1870.)  Passing  north 
from  the  railroad,  up  the  valley  of  Green  River,  the  slates  display  a  gen- 
tle dip  to  the  north,  and  eighteen  miles  beyond  have  disappeared  from 
view.  On  both  sides  of  the  river,  huge  mesas  of  the  Bridger  formation 
come  into  view;  those  on  the  east  extending  to  the  Big  Sandy  River, 
and  those  on  the  West  to  Ham's  Fork.  At  Slate  Creek,  farther  to  the 
north  twenty  miles,  a  yellowish-brown  sandstone  rises  into  view,  and 
continues  to  increase  in  importance  toward  the  north.  At  the  mouth 
of  Fontanelle  Creek,  it  rises  on  the  east  side  of  the  river  to  a  height  of 
perhaps  two  hundred  and  fifty  feet,  but  sinks  toward  the  north  and 
east  from  near  the  mouth  of  Labarge  Creek,  fifteen  miles  up  the  river. 
North  of  Labarge,  a  similar  bed  of  sandstone  rises  again,  and  is  imme- 
diately overlaid  by  white  shales  resembling  those  of  the  Green  River 
epoch,  which  have  here  a  great  thickness.  Opposite  the  mouth  of  the 
Labarge,  their  lower  strata  are  bright- red,  but  on  the  west  side  of  the 
river  the  sandstone  only  is  visible.  All  the  beds  rise  to  the  north,  the 
red  beds?  forming  the  summits  of  the  cliffs  in  that  direction. 

In  passing  up  Fontanelle  Creek  to  the  westward,  the  heavy  beds  of 
buff  sandstone  gradually  descend,  and  the  white  shales  come  into 
view.  1  examined  the  former  for  lignite  and  coal,  but  found  none. 
There  are  several  thin  beds  of  a  tough  carbonaceous  material  in  the 
white  shales,  (w  hich  1  take  to  be  of  the  Green  River  epoch.)  In  the  lower 
strata,  in  this  locality  as  well  as  on  the  east  side  of  Green  River,  above 
the  iiioulh  of  Labarge  Creek,  are  numerous  remains  of  fishes  similar  to 
those  of  Green  River  City,  with  insects  and  their  larvie,  shells  like  i'w];a 


*  St'c*  Hjjydon'a  Auimul  Report,  1S70  ;  Mar»b,  Americau  Jourual  of  Science' aDd  Arts, 
March,  1871. 
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and  Cyrena^  and  millionB  of  Cypris.  The  larva*  are  dipterons,  some 
nearly  an  inch  long, and  others  minute,  and  in  prodi^'ous  numbers.  With 
them  are  found  stems  of  plants,  but  no  leaves.  These  beds  rise  with  a 
very  gently  dip,  and  twenty  miles  from  the  month  of  the  creek  termiDate 
against  steeply-inclined  strata  of  earlier  age.  At  this  point  the  lower  bed« 
exhibit  the  bright-red  colors  that  are  so  often  seen  in  the  lower  parts  of 
the  fonnntion  at  other  points.  The  uplifted  beds  form  a  ridge  of  high 
hills  having  a  north  by  east  and  south  by  west  trend,  througb  wbieh  the 
Foutanelle  cuts  its  way  in  a  deepcailon.  This  range  is  mono€liual,the 
strata  dip])ing  45^  east,  and  their  outcrop  on  the  summit  and  eastern 
face.  The  first  bed  which  forms  the  surface  of  the  incline  is  rather  thin, 
and  is  composed  of  a  reddish  quartzite  without  fossils,  no  doubt  of  Cre- 
taceous age.  Below  it  is  a  stratum  of  highly  fossiliferous  bluish  lime- 
stone of  Jurassic  age,  containing  Pcntacnnus  asferiacuSj  M.  and  H.;  Tri- 
gonia^  &c.  Below  this  a  reddish  sandstone  presented  a  similar  thickness, 
which  may  represent  the  Triar.,  which  rests  on  a  bluish-shale  formation. 
We  have  now  reached  the  base  of  the  western  side  of  the  hills;  from 
their  summit  we  have  had  a  beautiful  and  interesting  view  of  geological 
structure.  The  valley,  of  three  or  four  miles  in  width,  is  bounded  on  the 
west  side  by  a  range  of  low  mountains,  whose  summits  are  well-tim- 
bered. The  valley  is  excavated  at  an  acute  angle  to  the  strike  of  the 
strata,  so  that  as  far  as  the  eye  can  reach  to  north 'an<l  south  successive 
hogbacks  issue  en  echelon  from  the  western  side,  and  run  diagonally, 
striking  the  eastern  side  many  miles  to  the  southward.  At  the  caiion 
of  the  Foutanelle,  six  of  thes.^  hogbacks  occupy  the  valley,  and  the  num- 
ber varies  as  we  proceed  down  the  valley.  Tlie  structure  changes  from 
the  same  cause  as  we  explore  in  either  direction.  The  dip  of  all  these 
hogback  strata  is  to  the  west  and  sh'ghtly  north,  less  steep  at  the  eastern 
side,  but  reaching  45^  and  a  still  higher  angle  at  the  middle  and  west 
side  of  the  valley.  There  appears  to  be  an  anticlinal  near  the  base  of 
the  eastern  range,  which  has  been  deeply  excavated ;  from  its  western 
slope  (in  the  valley)  the  upper  beds,  even  in  the  ea^stern  range,  have 
been  carried  away,  leaving  oidy  probable  Triassic  and  Carboniferoas 
strata  exposed.  In  one  of  these  latter  I  found  a  well-marked  horizon  of 
carbonaceous  shales  extending  as  far  as  I  explored  them.  Toward  the 
western  side  of  the  valley,  the  descending  strata  are  sandstones,  but 
whether  identical  with  that  of  the  eastern  hills  of  Cretaceous  age  1  could 
not  ascertain.  Lower  down  the  valley  (to  the  south)  similar  beds  form 
a  high  vertical  wall  of  very  light  color,  the  scenery  resembling  that  of 
the  Garden  of  the  Gods  in  Colorado.  I  suspect  that  the  existence  of 
more  than  one  Ibid  can  be  demonstrated  in  these  hog-backs  and  mount- 
ains. 

The  result  which  bears  on  the  history  of  the  Bear  River  grouj)  is,  that 
on  this  side  of  the  Green  Kiver  basin  the  Bitter  Creek  epoch  is  either 
wanting  or  represented  by  a  thin  layer  of  red  quartzite,  (or  perhaps 
Cretaceous  No.  1,)  and  that  no  coal  of  Cretaceous  age  exists  along  its 
western  rim.  After  following  the  valley  to  Ham's  Fork  River,  and  pro- 
ceeding a  short  distance  along  it  toward  the  southeast,  I  crossed  a  thin 
bed  of  coal  in  the  upturned  edges  of  the  same  beds  crossed  in  the  valley 
above.  The  discovery  of  the  extension  of  the  fish  and  insect  beds  sixty 
miles  north  of  the  principal  localities  is  a  point  of  interest  in  Tertiary 
geology. 

The  Ilaurs  Fork  Mountains  form  the  divide  between  the  waters  of 
Green  and  Bear  Uivers  respect ivel}',  and  are  passed  by  the  Union  Pacific 
liailroad  at  and  west  of  Aspen  station,  as  is  described  by  Dr.  Ilayden, 
(Annual  lieport  for  1870,  p.  119.)   He  here  points  out  that  the  distinctness 
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of  the  two  basins  was  marked  during  the  Tertiary  period,  and  hence 
names  the  deposits  of  the  western  area  the  Wahsatch  group,  regarding 
it  at  the  same  time  as  synchronous  with  those  of  the  Green  Eiver  epoch. 
Tlie  writer  has  attained  the  same  opinion  on  paleontological  grounds, 
and  has  hence  employed  the  same  name  for  both  areas,  namely,  the 
Green  River  epoch.* 

As  already  8tated,t  the  upper  or  red-banded  Tertiary  beds  of  this  local- 
ity yielded  the  following  species : 

PeriHsodactyle  bones,  two  species. 

Orotherium  vaaacciense, 

CrocodiliMj  sp. 

Alli{iator  heterodon. 

Trionyx  scutumantiqxium. 

Emy8  testudineua, 
(fravU. 

Clastes  (!)  glaher. 

Unio,  two  species. 

The  lower  sandstone  beds  yielded  the  following  mammals : 

Bathmodon  radians. 

semicinctus. 

latipes. 
Orotherium  index.X 
Phenacodus  primavus. 

West  of  the  contact  of  Bear  River  with  the  Tertiary  bluffs,  the  strata 
consist  of  sandstone  and  conglomerates,  and  dip  at  about  3(P  to  the 
northeast.  Five  hundred  feet  vertically  below  the  Bathmodon  bed,  a 
stnttum  of  impure  limestone  crops  out,  forming  the  slope  and  apex  of  a 
portion  of  the  bluff.    In  this  I  found  the  lollowing  vertebrates : 

Reptiles :  Trionyx  scutumantiquum.      Fishes :  RMneastes  calvus. 
Emys  f  euthnetus,  Clastes  glaher. 

In  comi)aring  this  list  with  that  given  for  the  lower  beds  of  the  Green 
River  epoch,  where  they  overlie  the  Bitter  Creek  coal,  such  resemblance 
may  be  observed  as  is  sufficient  to  indentify  the  two  series. 

This  is  the  nearest  to  a  determination  of  the  age  of  the  Evanston 
coal-bed,  which  Ilayden  regards  as  the  most  important  west  of  the  Mis- 
souri River,  that  I  have  been  able  to  reach.  From  the  limestone  just 
described  to  the  coal-bed,  two  miles  to  the  west,  the  strata  are  very  sim- 
ilar in  character,  and  apparently  conformable,  so  that  they  appear  to  be- 
long to  the  same  series.  Dr.  Hayden  confesses  his  inability  to  correlate 
them  with  those  of  Bear  River  City  and  Weber  River,  but  discovered 
remains  of  plants  which  were  identified  with  some  of  those  known  to 
occur  in  the  Fort  Union  beds,  on  the  Laramie  Plains,  and  the  Upper 
Missouri.  It'  this  be  the  case  to  a  sufficient  extent,  the  Evanston  coal 
must  be  referred  to  that  division  of  the  Cretaceous  period.  TJiis  con- 
clusion is,  however,  only  provisional,  and  Dr.  Bannister's  remarks*  are 
much  to  the  point.  Ue  says,  ^^In  the  upper  beds  northeast  of  Evans- 
ton," (the  ones  I  describe  above,)  "  there  seems  to  have  been  a  consider- 
able disturbance  besides  the  mere  tilting  of  the  beds,  and  from  the  altered 
direction  of  the  strike  §  we  were  led  to  suspect  considerable  lateral  dis- 

*  PnK'eedings  Acacl.  of  Nat.  Sciences,  1872,  p.  279. 

t  Pi-occediis^s  Aiiiericau  Philosophical  Society,  1872,  p.  473. 

X  Cope,  PaIeoutoh)gical  Bulletiu,  No.  17,  1873. 

^  llayden-t}  Aiiuual  lleport,  1872,  !>.  541. 
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plaeoineiit  with  fanltinp,  which  nii^ht  very  possibly  cnuRC  the  appearance 
of  tho  same  bo<l8  both  here  and  at  the  coal-mines,  althou^li  at  lirst  sight 
these  wouhl  appear  much  higher  in  i^^olojrical  position.  •  •  •  I  do 
not  know  the  grounds  of  Professor  Cope's  reference  of  the  coal  at  this 
point  to  the  Cretaceous,  while  he  admits  the  Tertiary  a jjje  at  least  of 
some  of  the  overlyinj^  sandstones;  but  as  wc  found  no  break  nor  line 
of  demarkation  in' the  whoU»  2,000  feet  or  more  which  weexamincMl,  and 
found  our  fossils  in  coalbearinp:  l>eds  imnu^diately  above  and  contorm- 
able  to  the  main  coal,  the  facts,  so  far  as  they  are  known  to  ino,  4I0  not 
seem  sufficient  for  such  identitication/'*  This  ])oint  otl'ers,  therefore, 
a  more  com])tete  continuity  in  stratification  and  mineral  diameter  froia 
the  Cretaceous  to  Tertiary  deposits  than  any  other  which  I  have  had  the 
opportunity  of  examining. 

CONOLUSION.t 


Having  traced  the  transition -series  of  the  coal-bearing  r4)rmation8 
of  the  Itocky   Mountain  region  from  the  lowest  iinuine  to  the  bigliest 
fresh-water  epochs,  it  remains  to  indicate  conclusions.     1  have  alluded 
but  cursorily  to  thc^  opinions  of  Mr.  Lesquereux  and  Dr.  Newberry  as 
based  upon  the  study  of  the  extinct  llora.    They  have,  as  is  well  known, 
l>ronounced  this  whole  scries  of  formations  as  of  Tertiary  age,  and  some 
of  tlu'  beds  to  be  as  high  as  3Iioc(Mi(\     The  material  on  which  this  de- 
termination is  based  is  abundant,  and  the  latter  must  be  accepted  as  de- 
monstrated beyond  all  doubt.     I  regard  tlie  evidence  di*rivcd  from  the 
mollnsks  in  the  low(»r  beds  and  the  vertebrates  in  the  higher  as  equally 
con(?lusive  that  the  beds  arc  of  Cretaceous  age.     There  is,  then,  no  alter- 
native^  but  to  aecept  the  result  that  a  Tertian/ Jlora  was  vondinporanco^M 
Kith  a  ('rctaceona  fauua^X  eHtahHshin(f  an  vninten'Hptcfl  ftnvvnision  of  life 
across  what  is  generally  regarded  as  one  of  the  greatest  breaks  in  geo- 
logic time.    The  appearance  of  mammalia  and  sudden  disappearance  of 
the   large  ^lesozoicj  types  of  reptiles  may  be  regarded  as  tridcnce  0/ 
m if/ration^  and  not  of  vreaiion.     It  is  to  b(»  remembered  that  the  smaller 
types  of  lizards  and  tortoises  contiinie,  like  the  croe()diU\s,  from  Meso- 
zoic  to  Tertiary  time  without  extraordinary  modilication  of  structure. 
It  is  the  Dinomtiria  which  disappeared  from  the  land,  driven  out  or 
killed  by  the  more  active  and  intelligent  mammal.    Ih^rbivorous  rejitiles 
like  AijathaumaH  and  Cionodon  wouhl  have  little  chance  of  successful 
competition  \\  ith  beasts  like  the  well-armed  Bathmodon  and  Metalophodon, 
There  is  good  reason  for  believing  that  this  incursion  of  mamnuUia 
came  from  the  south. 

It  then  appears  that  the  transition-series  of  ITayden  is  such  not  only 
in  name  but  in  fact,  and  that  paleontology  coniirms,  in  a  highly  satis- 
factory manner,  his  conclusion,  **  already  shown  many  timc*s,  that  there 
is  no  real  physical  break  in  the  deposition  of  the  sediments  between  the 
well-marked  Cretaceous  and  Tertiary  groups.^  § 

•  IIav<U*ir»  Annual  Kepoit*  \f*7Mf  )>.  itAl. 

tSci^'lJuHirtin  r.  S.  iivol.  Snrvry  Ti-ith..  Nd.  2,  ]».  ir>. 

tTlu^  ciiTunihtanct;  of  IIk;  discoviTy  t»t' a  nu/sc/nic  dinosaur,  .itiaUiaiimafi  8tfIreMri$, 
with  tlu"  cavities  of  and  brtwc-en  liis  boni'H  stulird  fuH  of  havr.s  of  Kocrni?  plants, 
(Lcsqueri'ux,)  \vould  prove  tliiH  proposition  to  bo  truf,  bad  no  otbi'r  IoksIIh  of  either 
kind  vwY  bi'on  disrjivcrcd  elK«;wb«?ro. 

^Annual  nqxut,  I'^TU,  p.  KUi.  F«>r  in»tano«»,  (irol.  Surv.  Cob>rado.  Mi'J,  p.  197^  Df^ 
}Iayd«'n  obwrves,  "There  is  no  ]» roof,  so  far  as  I  have  obsi-rvj-d  in  all  tbo  WVstAmi 
country,  <»ftru(j  non-conformity  betwtHin  tln^  Crrtaceous  an<l  Lower  Trrtiary  Iw-ds,  and 
iiofvidonco  of  any  cbanjifo  in  sediuicntK  orany  catastropbo  Hutlicicnt  to  account  for  the 
Buddeu  and  apparently  complete  destruction  of  organic  life  iit  the  close  of  the  Creta- 
ceous period." 
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Since  the  above  was  written,  a  paper  •  by  Prof.  J.  S.  Newberry  has 
appeared,  in  which  he  gives  full  expression  of  his  views  as  to  the  ages 
of  the  different  extinct  floras  of  the  West,  He  points  out  clearly  that 
the  flora  of  the  Fort  Union  beds  is  part  of  that  which  is  extensively 
distributed  over  the  northern  hemisphere,  and  which  is  believed  to  char- 
acterize the  Miocene  period  in  Europe.  He  states  that  characteristic 
structural  parallelism  between  American  and  European  plants  does  not 
obtain  in  tbe  preceding  periods  of  the  Eocene  and  Cretaceous,  and  that 
the  flora  found  in  the  lower  part  of  our  Cretaceous  formations,  as  deter- 
mined by  animal  remains,  is  '*•  somewhat  more  closely  allied  to  the  Ter- 
tiary flora  than  are  the  plants  found  in  the  Cretaceous  of  Europe."  He 
does  not  make  an}"  botanical  determination  of  the  age  of  the  fossil 
])]ants  of  the  Bitter  Creek  series,  nor  of  the  lignite  beds  of  Colorado. 
He,  however,  objects  to  regarding  any  of  the  floras  found  below  the  Fort 
Union  formation  as  Tertiary  in  the  following  language,  (p.  402:)  *'The 
lignites  and  plant- beds  of  New  Mexico,  which  I  have  called  Cretaceous, 
but  which  are  referred  by  Mr.  Lesquereux  to  the  Tertiary,  are,  for  the 
most  part,  derived  from  the  lower  iK)rtions  of  our  Cretaceous  series,  and 
are  overlaid  by  many  hundred  feet  of  strata  unquestionably  Cretaceous, 
in  which  all  the  typical  forms  of  Cretaceous  animal  life  are  abundantly 
represented.  Whether  the  great  lignite  deposits  of  Colorado  should  be 
considered  Tertiary  or  Cretaceous,  it  is  perhaps  not  yet  possible  to 
decide ;  but  in  the  absence  of  any  distinctive  or  unmistakable  Eocene 
plants,  if  the  strata  which  contain  them  shall  be  found  to  include  verte- 
brates or  mollusks  which  have  a  decidedly  Me^ozoic  character,  we  shall 
be  compelled  to  include  them  in  the  Cretaceous  system.  Mr.  Lesque- 
reux has  met  the  statements  of  Professors  Meek,  Cope,  and  Marsh  by 
pointing  to  his  two  hundred  and  flfty  species  of  fossil  plants,  claiming 
that  they  far  outweigh  the  testimony  of  the  animal  remains.  In  I'act, 
however,  these  fossil  plants  have  very  little  bearing  on  the  question. 
They  are  probably  all  distinct  from  European  CretJiceous  and  Eocene 
species,  and  the  genera  to  which  they  are  supposed  to  belong  aflbrd 
only  negative  evidence  of  the  strata,  that  contain  them." 

Thus  it  is  evident  that  Professor  Newberry  appeals  to  the  evidence 
furnished  by  the  animal  remains  as  basis  of  determination  of  the  epochal 
type  of  the  contemporary  vegetable  life.  In  further  illustration  of  his 
vi^w  he  says,  (p.  404:)  ''Whatever  plants  are  found  with  Zeuglodon 
cetoldes,  Cardita  planicosta^  Orbitoides  mantellUj  &c.,  we  must  accept 
as  Eocene,  even  should  they  have  no  intrinsic  Eocene  characteristic. 
So  in  regard  to  our  Cretaceous  flora.  While  it  is  altogether  new,  its 
varied  character  and  modem  aspect  simply  give  us  a  new  revelation  in 
regard  to  the  vegetation  of  the  Cretaceous  world  ;  for,  while  the  fauna  of 
that  world  contains  Avimonites,  BacuUt^s,  hwceramus,  &c.,  we  are  forced 
to  call  it  Cretaceous.'' 

It  certainly  appears  to  me  to  be  introducing  a  new  element  into  pale- 
ontological  reasoning  to  estimate  the  age  of  one  class  of  fossils  by  refer- 
ence to  the  structural  characters  of  another.  Every  flora  and  fauna,  and 
every  genus  in  them,  ofl'ers  its  own  intrinsic  evidence  as  to  age  or  relation 
to  other  genera  of  preceding,  contemporary,  and  succeeding  time ;  and 
all  that  we  can  afiirm  of  the  relations  of  the  life  of  any  given  deposit 
or  age  are  the  sums  or  results  of  the  various  parts  of  such  flora  and 
fauna.  In  the  present  case,  the  evidence  brought  forward  by  Dr.  New- 
berry from  his  own  stand-point  as  a  distinguished  student  of  extinct  veg- 
etation, and  upon  which  I  necessarily  rely,  is :  (1.)  That  the  floras  of  the 

*  American  Journal  of  Science  and  Arts,  1674,  p.  399. 
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European  Eocoiie  and  Cretxiceons  are  not  represented  on  this  continent 
so  far  as  known,  (li.)  That  the  flora  I'onnd  beh)\v  the  i*eiii»ins  of  a  Cre- 
taeeons  fauna  more  nearly  resembles  the  Tertinry  florji  than  it  does  tbat 
of  the  Eurof>ean  Creta^eouM.  (<$.)  That  the  flora  of  the  Fort  Uuiou  beck 
is  undoubtedly  Mioeene. 

These  facts  are  (*onlirniatory  of  my  previous  conclusion,  "  tbat  a  Ter- 
tiary flora  was  contemporary  with  a  Cretaceous  fauna  in  the  tmnsitiou- 
period  of  the  Hocky  ^lonii tains.''  If  a  flora  below  the  Cretaceous  of  New 
]Vrexi(M)  resembles  a  Tertiary  one,  how  nnich  more  jirobable  is  it  that  the 
floras  of  the  Jjifjnites  of  Colorado  and  Wyoming  are  such,  as  they  are 
known  to  be  of  later  age  than  those  of  New  Mexico,  and  to  be  at  the 
summit  of  the  Cretaceous  stories,  as  indicated  by  animal  i^iuains.  Aud 
if  the  flora  of  the  Fort  Union  beds  be  Miocene,  that  of  the  identical  horizon 
in  Cohmulo  must  be  MifM;enealso;  and  it  the  vegetation  below  this  flora 
be  so  distinct  from  it,  what  is  more  probable,  nccording  to  the  evidence 
adduced  by  Dr.  Newl»erry,  than  that  they  are  Eocene,  as  nniintainedbv 
Mr.  Lestpiereux  i  Tlmt  such  should  be  the  case  is  in  harnioney  rather 
than  in  conflict  with  the  fiicts  presented  by  the  existing  life  of  the  earth, 
where  we  have  the  modern  fauna  of  the  northern  hemispheii^  conteraiM)- 
rary  with  a  partly  Eocene  and  partly  Mesozoic  fauna  in  the  Konthern. 

Prof.  J.  \V.  Dawson,  in  his  late  interesting  annual  adih*es8  before 
the  Natural  History  Society  of  Montreal,  thus  comments  on  the  above 
conclusion.*  He  says  that  the  mixture  of  Mesozoic  animals  with  Terti- 
ary phints  ^^  depends  on  the  general  law  that  in  times  of  continental 
elevation  newer  productions  of  the  land  are  mixed  with  more  antique 
inhabitants  of  the  sea."  •  »  *»  Thus  it  must  have  happened  that  the 
marine  (.■retsiceous  animals  disapi>ei)red  flrst  from  the  hi;;]i  lauds  aud 
lingered  longest  in  the  valleys,  while  the  life  of  the  Tertiary  eauie  on 
flrst  in  the  hills,  and  was  more  tardily  intrcMluced  on  the  ])lains.^  Were 
the  Mesozoi(!  reptiles  of  the  Fort  Cnion  and  Hitter  ("reek  beds  marine  or 
even  aquatic  in  their  cluiracter,  their  coexistence  with  a  Tertiary  flora 
would,  indeed,  be  quite  explicable  on  Professor  Dawson's  view.  But 
they  are  in  the  most  important  and  diagnostic  species — the  Dino^auria — 
terrestrial  in  their  habits,  and  in  several  cases  vegetable  feeders,  browsing 
on  the  very  foliage  in  which  their  bones  were  lound  enwrapped. 

SECTION   II.— THE  VEKTEBKATA   OF  THE   FORT  UNION  CRETACEOUS  OF 

(COLORADO. 

DINOSAUKIA. 
AGATIIAUMAS,  Cope. 

Procecdinjjs  of  tlio  American  PbiloHOphicul  Society,  l'"S72,  p.  4:!?2. 

The  characters  of  this  genus  are  derived  from  the  typical  species  A. 
ftylrestris^  wJiich  is  represented  by  dorsal  and  lumbar  vc^rtebne,  and  au 
entire  sacrum,  with  the  ilia — one  nearly  entire — ribs,  and  a  number  of 
bones,  the  character  of  which  has  not  yet  been  positively  ascertained. 
One  of  these  resembles  the  i)roximal  part  of  the  pubis  5  others,  i>ortioiis 
of  the  steriuim,  &c. 

On  eight,  and  perhaps  nine,  vertebriXi  anterior  to  the  saeruin,  there  is 
no  indication  of  the  capitular  articular  face  for  the  rib.  Thi»  facet  is 
found,  as  in  CrocodiUu^  at  or  near  the  base  of  the  elongate  diapopbyses. 
The  centra  are  slightly  concave  posteriorly,  and  still  less  so  on  tbe  ante- 
rior face,  with  gently  convex  margins.    The  neural  canal  is  very  8niall, 

'  May,  1H74,  p.  y. 
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and  tbe  neural  arch  short  and  quite  distiuct  from  the  centrum,  having 
scarcely  any  suture.  The  neural  arch  has  a  subcubical  form,  paitly 
truncated  above  by  the  anterior  zygapophyses.  In  like  manner,  the 
bases  of  the  combined  neural  spine  and  diapophyses  are  truncate  below 
by  the  square-cut  posterior  zygapophyses.  The  diapophyses  are  long 
and  directed  upward ;  they  are  triangular  in  section. 

There  are  eight,  and  perhaps  nine,  sacral  vertebrae,  which  exhibit  a  con- 
siderable diminution  in  the  diameter  of  the  centra.  The  diapophyses  and 
neural  arches  are  shared  by  two  centra;  the  anterior  part  of  the  latter 
bearing  the  larger  portion  of  both.  The  diapophyses  are  united  distally 
in  pairs,  each  pair  inclosing  a  large  foramen ;  the  anterior  is  tlue  most 
massive ;  rest  on  the  ilium  ;  the  posterior  pair  the  most  expanded ;  the 
superior  margins  of  its  posterior  edge  form  an  open  V,  with  the  apex  for- 
ward on  the  neural  arch  of  the  tifth  vertebra.  On  the  last  sacrals,  the 
diapophyses  rise  to  the  neural  arch  again.  The  exits  of  the  sacral  spinal 
nerves  are  behind  the  middles  of  the  centra,  and  continue  into  grooves 
of  the  sides  in  all  but  the  last  vertebrae.  The  reduced  and  rather  elongate 
form  of  the  last  sacral  vertebrae  induces  me  to  believe  that  this  animal 
did  not  possess  such  large  and  short  caudal  vertebrae  as  are  found  in  the 
genus  Uadroaaurus,  and  that  the  tail  was  a  less  massive  organ. 

The  ilium  is  much  more  elongate  than  the  corresponding  element  in 
HadrosauruSj  Cetiosaurus^  or  Megalosaurus,  Its  upper  edge  is  turned  and 
thickened  inward  above  the  anterior  margin  of  the  acetabulum,  and  here 
the  middle  of  the  conjoined  diapophyses  of  the  second  and  third  sacral 
vertebrae  was  applied  when  in  place.  In  front  of  this  point,  the  ilium  is 
produced  in  a  straight  line,  in  a  stout,  flattened  form^  with  obtuse  end. 
Posterior  to  it,  its  inner  face  is  concave,  to  receive  the  second  transverse 
rest  of  the  sacrum,  and  the  superior  margin  is  produced  horizontally 
toward  the  median  line  like  the  corresponding  bone  in  a  bird.  The  pos- 
terior part  of  the  bone  is  the  widest,  for  it  is  expanded  into  a  thin  plate 
and  produced  to  a  considerable  length.  From  one  of  the  margins,  (my 
sketch  made  on  the  ground  represents  it  as  the  upper,)  a  cylindric  rod  is 
produced  still  farther  backward.  The  base  of  the  ischium  is  co-ossified 
with  the  ilium,  and  is  separated  from  the  iliac  portion  of  the  acetabulum. 
There  is  no  facet  nor  suture  for  the  pubis  at  the  front  of  the  a<>etabulum. 
The  ribs  are  compressed.  There  are  no  bones  certainly  referable  to  the 
limbs.  The  form  of  the  ilia  distinguishes  this  genus  from  those  known 
heretofore.  It  is  also  highly  probable  that  it  differs  from  some  other 
genera,  in  which  the  ilium  is  not  known,  e.  ^.,  Thespefnvs^  in  the  smaller 
and  differently  formed  tail. 

Agathaumas  sylvestris,  Oope,  Proceed.  American  Philos.  Soc., 
1872,  482. 

The  last  nine  dorsal  vertebrsB  have  rather  short  centra,  the  most  pos- 
terior the  shortest.  They  are  higher  than  wide;  the  sides  are  concave ; 
the  inferior  face  somewhat  flattened.  The  neural  arch  is  keeled  behind 
from  the  canal  to  between  the  posterior  zygapophyses,  and  a  similar  keel 
extends  from  the  base  of  the  neural  spine  to  between  the  anterior  zyga- 
pophyses. The  neural  spine  is  elevated,  broad,  and  compressed ;  the  dia- 
pophysis  is  convex  above  and  concave  along  the  two  inferior  faces,  most 
so  on  the  posterior.  The  articular  face  of  the  first  sacral  vertebra  is  wider 
than  deep.  The  eight  sacral  vertebne  are  flattened  below  in  all  except 
the  first  by  a  plane,  which  is  separated  from  the  sides  by  a  longitudinal 
angle.  The  neural  spines  of  the  anterior  five  sacral  vertebrae  are  mere 
tuberosities.  A  large  sutural  surface  for  attachment  of  a  transverse 
process  is  seen  in  the  posterior  third  of  the  eighth  sacral  vertebra, 
which  de.scends  nearly  as  low  as  the  plane  of  the  inferior  surface.    On 
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the  tenth  sacral,  there  is  no  such  process,  but  its  neural  arch  and  that  of 
the  ninth  support  transverse  processes.  These  are  more  like  those  of 
the  dorsals  in  having  three  strong  basal  su[>porting  ribs,  tho  anterior 
and  iK>sterior  extending  for  some  distance  along  the  arch. 

Whether  naturally  or  in  consequence  of  distortion,  the  plate  of  the 
ilium  is  at  a  strong  angle  to  the  vertical  axis  of  the  acetabulum  ;  and  at 
the  posterior  i)art  of  it,  the  margin  of  the  plate  is  free  on  the  outside  as 
well  as  the  inside  of  the  femoral  articulation. 

Mea^nrements. 

I^ength  of  nine  po8t4?rior  dorsal  vertebne 8cO 

Lengtii  of  nino  Hacral  vertebra*,  (36J  inches) 9i0 

Length  of  right  ilium,  (two  pieces,  0.84+0.22,  41  inches). 1.060 

length  of  eighth  dorsal  from  sacrum 090 

Length  of  base  of  neuraiH>phy8is 08^ 

Depth  of  articular  face 153 

Width  of  articular  face 123 

length  of  second  from  sacnim 070 

Depth  of  articular  face 155 

Width  of  articular  face 137 

Elevation  of  neural  canal 04«> 

Width  of  neural  canal 02S 

Elevation  to  face  of  zygapophysis 104 

Elevation  to  base  of  neural  spine 150 

Length  of  diapophysis  fi-om  lower  base 200 

Lengthfrom  capitular  aiticulation 125 

Antero-posterior  width  above 050 

Antero-iKisterior  base  of  neural  spine 075 

Antero-posterior  width  at  zygapophysis- 070 

Length  of  neural  spine,  (^fragment) 208 

Width  of  centrum  of  first  sucral 160 

Depth  of  centrum  of  first  sacral,  (to  neurapophysis) 140 

Length  of  centrum  of  first  sacral lOo 

Length  of  c^mtrum  of  seventh  sacral 100 

Depth  of  centrum  of  seventh  sacral,  (behind ) 080 

Widrh  of  centrum  of  seventh  sacral,  (behind) lOii 

Expanse  of  second  sacral  transverse  support,  (22  inches) 560 

Length  of  ilium  anterior  to  acetabulum 470 

Length  of  acetabulum 2U0 

Length  of  posterior  to  acetabulum 300 

Width  of  ilium  at  anterior  extremity 140 

Width  of  ilium  at  front  of  acetabulum 210 

Width  of  ilium  at  posterior  expansion 250 

Thickness  above  acetabulum 060 

Width  of  acetabulum 100 

Widtli  of  basis  of  ischium 085 

Width  of  shaft  of  a  rib Oftt 

Other  bones  not  yet  determined  will  bd  included  in  the  description  in 
the  liiiiil leport. 

This  species  was  no  doubt  equal  in  dimensions  to  the  largest  known 
terrestrial  sauriaus  or  mammals. 

HADROSADIIUS,  Leidy. 

[Cretaceous  Keptiles  ef  the  United  States,  18G5,  70;  Proceedings  of  the  Academy  of 

Natural  i^ciences,  Philadelphia,  1850,  21d] 

IlADRosAUUUS  occiDENTALis,  Copc,  Extiuct  Batrachia,  &c.,  p.  08; 
Thespesiiiif  occidentalism  Leidy,  Proceeding's  of  the  Academy',  Philadel- 
piiia,  IS50,  311 ;  Transiictions  of  the  American  Philosophical  Society. 
LSGOi  1.j1. 

From  the  lowest  member  of  the  lignite  formation  at  Grand  Eiver,  Ne- 
braska. 
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Referred,  by  Professor  Leidy,  to  a  distinct  geuns  under  the  name  of 
TJiespesuiSj  on  account  of  the  slightly  opisthocoelian  character  of  the 
large  caudal  vertebra.    Teeth  unknown. 

Fragments  of  a  large  dinosaur  from  Colorado  were  found  associated 
with  species  of  tortoises  identical  with  those  found  in  Dakota  in  the 
horizon  which  contains  the  H.  occidentals^  (see  under  head  of  Cionodon 
arct/ituSj)  and  may  [>ossibly  belong  to  it.  I  have  no  identical  i)arts  in 
the  two  for  comparison. 

Char,  specif. — The  largest  fragment  of  a  long  bone  is  probably  from 
the  proximal  end  of  the  tibia ;  it  includes  the  curved  inner  border  of 
the  side,  and  the  inner  posterior  tuberosity,  with  five  inches  of  the  inner 
head  side  of  the  shaft.  The  superficial  layer  is  marked  with  numerous 
closely-placed  longitudinal  grooves,  which  are  replaced  by  a  few  coarser 
and  deeper  ones,  which  interrupt  the  angle  with  the  articular  surface, 
giving  it  a  lobate  margin.  There  was  probably  a  prominent  cnemial 
crest.  Another  fragment  exhibits  one  flat  plane  and  a  concave  posterior 
face.  It  comes  from  near  the  extremity  of  the  humerus  or  the  femur; 
it  was  found  near  the  fragment  of  the  tibia.  The  sacral  vertebra  is  proba- 
bly that  of  an  animal  not  fully  grown,  as  it  was  not  co-ossified  with 
those  adjacent.  The  articular  extremities  are  expanded,  and  i)resent 
distinct  faces  for  articulation  for  the  large  diapophyses.  The  one  ex- 
tremity is  more  expanded  and  less  thickened;  the  other  more  thickened 
and  less  dilated;  on  this  rests  the  greater  part  of  the  base  of  the  neural 
arch.  Just  at  the  extremity  of  this  base,  the  large  sacral  nervous  for- 
amen issues,  which  is  continued  in  a  wide  groove  downward  between  the 
transverse  expansions.  Inferior  surface  convex.  As  compared  with 
the  fourth  sacral  vertebra  of  Agathaumas  aylvestris^  Cope,  which  it  nearly 
resembles  in  size,  it  is  to  be  observed  that  the  anterior  extremity  is  less 
expanded  transversely  as  compared  with  the  posterior;  that  the 
bases  of  support  for  the  anterior  diapophyses  are  not  produced  down- 
w^ard  so  far;  that  the  sides  of  the  centrum  are  nearly  vertical  and  not 
sloping  obli(iuely  toward  the  middle  line;  and  that  there  is  no  inferior 
l)lane  separated  from  the  lateral  by  a  longitudinal  angle  as  in  A.  sylvestris. 
It  ditfers  in  like  manner  from  the  third  and  second  sacral  vertebras,  and 
still  more  from  the  first  of  the  latter  saurian. 

Measurements. 

\  M. 

Leugth  of  centrum  of  fonrth  Baoral  vertebra ,U92 

C  in  front 103 

Transverse  diameters  at  middle 072 

(  posteriorly 121 

Vertical  diameter  posteriorly '. 092 

Diameter  of  head  of  tibia  autoro-posteriorly 250 

CIONODON,  Cope. 

Bulletin  of  tbo  United  States  Geological  Survey  of  the  Territories,  1874, 10.  * 

Remains  of  species  of  I>inosauria  were  obtained  at  two  localities  in 
Colorado  not  many  miles  apart — the  greater  number  at  one  of  them,  from 
which  also  all  the  crocodilian  and  turtle  remains  were  derived.  Those 
from  the  other  deposit  consist  of  i>ortions  of  limb-bones  apparently  of  a 
single  individual  of  gigantic  size.  The  more  abundant  fragments  are 
referable  to  three  species.  A  fragment  of  limb-bone  is  very  similar  to 
portions  from  the  other  locality,  and  associated  is  a  sacral  vertebra  of 
appropriate  size  and  chai*acters.    All  of  these  were  therefore  referred 

*  Where  the  proof-reader  made  it  Cinodan, 
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l)rovisionally  to  a  ain^fle  species  under  the  name  of  Affafhauman  milOj 
but  are  here  described  uucler  HadroHaurus  occidentalism  Tlie  ixmmiiiiug 
speciiueus  fall  into  two  series.  In  the  one,  the  bones  are  occupied  by  a 
heavy  mineral  and  the  surfaces  covered  by  a  white  layer,  wliich  is  marked 
by  irregular  ridges,  as  though  produced  by  deposit  along  the  lines  of 
small  adherent  foreign  bodies.  In  the  other  set,  the  bones  are  lighter, 
more  spongy,  and  not  covered  with  the  white  layer ;  some  of  them  are 
stained  by  the  sesquioxide  of  iron.  Both  present  vertebrae  and  limb- 
bones,  which  are  related  appropriately  as  to  size  and  structure  :  that  is, 
the  larger  limb-bones  have  the  same  mineral  character  as  the  larger  ver- 
tebrie,  and  the  smaller  as  the  smaller.  These  limb-bones  represent  cor- 
responding parts  in  the  tAVO,  and,  difieriug  widely,  confirm  the  belief  in 
the  existence  of  two  species  indicated  by  the  different  types  of  vertebrae. 
In  these  fossils,  then,  I  see  evidence  for  the  existence  of  two  Ri>ecies  of 
two  genera,  which  I  name,  the  larger  Polyonax  mortuariutt,  the  smaller 
Cionodon  arctatus.  Both  geneni  present  a  solid  cancellous  lilliug  of 
femora,  tibia>,  and  other  long  bones,  and  hence  differ  from  such  genera 
as  Hadrosaurua^  Hypsibcma^  Lcclaps^  and  others.  Cionodon  differs  in 
dentition  from  all  JHnosauria  where  that  part  of  the  structure  is  kuowOf 
but  it  remains  to  compare  Polyonax  with  Troodon  and  PalceoHcincus  of 
Leidy,  which  are  known  from  the  teeth  only,  while  no  portions  of  denti- 
tion are  preserved  with  the  specimens  at  my  dis[)osal. 

Char,  gen, — Established  primarily  on  a  portion  of  the  right  maxil- 
lary bone,  with  numerous  teeth  in  place.  The  posterior  x>ortion  exhibits 
a  suture,  probably  for  union  with  the  palatine  bone,  while  the  rest  of  the 
interior  margin  is  free.  It  is  removed  some  distance  from  the  tooth-line 
in  consequence  of  the  horizontal  expanse  of  the  bone,  while  the  outer 
face  is  vertical. 

The  teeth  are  rod-like,  the  upper  portion  subcylindric  in  section,  with 
the  inner  face  flattened  from  apex  to  base,  while  the  lower  half  is  flattened 
externally  by  an  abrupt  excavation  to  the  middle  for  the  accommodation 
of  the  crown  of  the  successioual  tooth.  The  inner  face  of  the  tooth,  from 
apex  to  base,  is  shielded  by  a  plate  of  enamel,  which  is  somewhat  ele- 
vated at  the  margins,  and  supports  a  keel  in  the  middle,  thus  giving  rise 
to  two  shallow  longitudinal  troughs.  The  remainder  of  the  tooth  is 
covered  w^ith  a  layer  of  some  dense  substance,  possibly  cementum,  which 
overlaps  the  vanishing  margins  of  the  enamel.  The  outer  inferior  exca- 
vation of  the  shaft  presents  a  median  longitudinal  groove,  to  accommo- 
date the  keel  of  the  closely-appressed  crown  of  the  successioual  tooth. 
The  apex  of  the  tooth  being  obtusely  wedge-shaped,  the  functional  tooth 
is  pushed  downward  and  transversely  toward  the  inner  side  of  the  jaw. 
The  tooth  slides  downward  in  a  closely -fitting  vertical  groove  of  the 
outer  alveolar  wall.  The  inner  wall  is  oblique,  its  section  forming,  with 
that  of  the  outer,  a  V ;  it  is  furrowed  with  grooves  similar  and  oppo- 
site to  those  of  the  outer  wall,  but  entirely  disconnected  from  them. 
The  base  of  the  shank  of  the  functional  tooth,  on  being  displa€ed  b^*  the 
successioual,  slides  downward  and  inward  along  the  groove  of  the  inner 
side,  each  lateral  movement  being  accompanied  by  a  corresi)onding  pro- 
trusion. At  the  most,  three  teeth  form  a  transverse  line,  namely,  one 
new  apex  external,  one  half-worn  crown  median,  and  the  stump  or 
basis  of  a  shauk  on  the  inner.  The  new  crowns  are,  however,  protruded 
successively  in  series  of  three,  in  the  longitudinal  direction  also.  Thus, 
when  an  ai>ex  is  freshly  protruded,  the  shauk  in  front  of  it  is  a  little 
more  prominent,  and  the  thiiil  sUxnds  beyond  the  alveolar  border.  As 
each  shank  increases  somewhat  in  diameter  downward  in  the  C  arc* 
tattiSj  the  section  increiises  in  size  with  protrusion  ]  hence,  before  the 
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appearance  of  a  new  crown  oatside  of  it,  there  are  but  two  new  func- 
tional teeth  in  a  cross-row.  Tbn»,  in  the  outer  lonf]^tudiual  row,  only 
every  third  tooth  is  in  functional  use  at  one  time;  in  the  middle  series^ 
all  arc  in  use ;  while  in  the  inner,  every  third  one  is  simultaneously  thrown 
out  in  the  form  of  a  minute  stump  of  the  shank,  if  not  entirely  ground 
up. 

The  dorsal  vertebra  are  opisthocoelian,  the  anterior  more  compressed 
than  the  posterior ;  capitular  articular  faces,  if  existing,  are  slightly 
marked.  The  zygapophyses  are  but  little  prominent  beyond  the  arch. 
A  caudal  vertebra  is  plano-concave,  with  rather  depressed  centrum,  a 
little  longer  than  broad.  The  condyles  of  the  femur  have  a  short  arc 
and  chord ;  the  head  of  the  tibia  displays  a  large  cnemial  crest,  but  is 
not  emargiuate  behinds 

The  ty[)e  of  dentition  exhibited  by  this  genus  is  perhaps  the  most  com- 
plex known  among  reptiles,  and  is  well  adapted  for  the  comminution  of 
vegetable  food.  While  the  mechanical  effect  is  quite  similar  to  that 
obtained  by  the  structure  of  the  molars  of  ruminating  mammals,  the 
mode  of  construction  is  entirely  altered  by  the  materials  at  hand.  Tlius, 
the  peculiarly  simple  form  and  rsipid  replacement  of  the  reptilian  denti- 
tion is,  by  a  system  of  complication  by  repetition  of  parts,  made  to  sub- 
serve an  end  identical  with  that  secured  by  duplication  of  the  crown  of 
the  more  specialized  molar  of  the  mammal. 

Cionodon  is  evidently  allied  to  Hadrosaurus^  but  displays  greater 
dental  complication.  In  that  genus,  according  to  Leidy,  the  successional 
crowns  appear  on  the  front  side  of  the  shank  of  the  tooth,  not  behind, 
and  below  the  base  of  the  enamel  area,  so  that  the  tooth  is  distinguished 
into  crown  and  shaft.  It  also  follows  from  this  arrangement  that  the 
successional  tooth  does  not  appear  until  its  predecessor  has  been  worn 
to  the  root,  in  which  case  there  can  be  only  one  functional  tooth  in  a 
transverse  direction  instead  of  two  or  three. 

Cionodon  arctatus,  Cope,  Bulletin,  loc.  city  10. 

Char,  gpecif. — The  enamel-plate  of  the  tooth  extends  from  apex  to 
near  the  base  of  the  shaft.  Its  margins  are  thickened  and  without 
senation,  while  the  surface  generally  is  nearly  smooth.  The  dense  layer 
over  the  remainder  of  the  tooth  is  much  roughened  by  a  great  number 
of  short,  serrate,  and  somewhat  irregular  longitudinal  ridges. 

Measurements. 

Width  of  alveolar  jfTOove 0120 

Length  of  atriad  of  teeth  on  alveolus 0140 

Length  of  an  unworn  tooth 0250 

Diameter  of  surface  of  attrition  of  a  tooth  of  the  middle  row,  (longitudinal) 0063 

Diameter  of  surface  of  attrition  of  a  tooth  of  the  middle  row,  (transverse) 0072 

Width  of  maxillary  bone 0350 

Depth  of  maxillary  at  inner  margin 0140 

What  I  suppose  to  be  the  posterior  end  of  the  maxillary  bone  exhibits 
the  grooves  to  near  its  apex,  as  well  as  a  considerable  surface  of  articu- 
lation for  the  malar. 

Two  dorsal  vertebrjB  are  preserved,  whose  neuml  arches  are  co-ossified, 
with  tra(ie  of  suture  remaining.  Both  articular  faces  exhibit  a  trans- 
verse fossa  for  ligamentous  or  bursary  attachment.  Eound  these,  on  the 
convex  face,  there  are  transverse  rugosities,  while  oblique-ridged  lines 
descend  on  each  side  from  the  floor  of  the  neural  canal.  The  centra  are 
shorter  than  deep,  and  subquadrate  in  a  horizontal  section.    The  sides 

29  as 
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are  concave ;  the  anterior  are  compressed  with  lenticalar  vertical  section, 
with  angle  below.  The  more  posterior  is  less  compressed,  and  the  snr- 
faee  is  smooth ;  in  the  anterior,  it  is  thrown  into  weak  longitudinal  ridges 
near  the  edges  of  the  articular  extremities.  There  are  large  imtritions 
Ibnunina  on  the  sides.  The  neuraiK)physes  are  excavated  vertically  on 
their  posterior  edges.  Neural  arch  on  the  anterior  dorsal,  a  broad,  verti- 
cal oval.  A  caudal  vertebra  is  rather  elongate  and  depressed ;  as  it  has 
no  diapophysis,  it  is  not  from  the  anterior  part  of  the  series.  There  is 
no  prominent  lateral  angle,  but  the  two  inferior  angles  connecting  the 
chevron-facets  are  well  marked;  neura|>ophysis  only  measuring  half 
the  length  of  the  centrum.  The  articular  faces  exhibit  the  same  trans- 
verse fossa  as  is  seen  in  the  dorsals ;  the  anterior  is  plane,  the  posterior 
uniformly  concave. 

Zleasurenients. 

Antorior  dorsal,  IcDj^h  of  ceDtrum ^ 074 

Anterior  elevation  of  articular  face (I73 

Anterior  width  of  articular  face 070 

Anterior  vertical  diameter  of  neural  canal 027 

Anterior  elevation  of  anterior  zygapophyseH 122 

Middle  dorsal,  lenf^th  of  centrum 068 

Middle  elevation  of  articular  face 0% 

Middle  width  ot  articular  face OtiO 

Middle  caudal,  length  of  centrum 0G3 

Middle  elevation  of  articular  face,  (at  canal) 047 

Middle  width  of  articular  face 068 

Middle  width  between  inferior  angles  . ., OM 

Middle  width  of  neural  canal 013 

The  femur  is  only  represented  by  the  distal  end,  with  the  condyles 
perfectly  preserved.  The  latter  form  a  single  trochlear  surface,  whose 
borders  form  arcs  of  circles.  It  is  slightly  hourglass-shaped,  chiefly 
by  excavation  of  the  posterior  face,  which  is,  however,  shallow  ;  the  deep 
fossie  seen  in  Hadrosaurus  and  other  genera  being  absent.  The  area 
of  the  articular  cartilage  is  clearly  marked  out,  and  the  dense  surface  ot 
the  shaft  is  marked  with  delicate  striie,  which  terminate  at  the  edge  of 
the  former.  One  side  of  the  end  of  the  bono  is  nearly  plane,  the  other 
is  longitudinally  excavated;  some  shallow  grooves  furrow  the  angle 
with  the  trochlear  face.  The  section  of  the  shaft,  three  inches  from  the 
end,  is  a  wide,  transverse  parallelogram.  This  bone  looks  no  little  like 
the  distal  end  of  a  metapodial  bone,  but  there  are  various  reasons  why 
it  is  more  probably  femur  or  humerus.  The  form  of  the  tibia  especially 
del  ermines  it  to  be  the  former  element. 

The  head  and  distal  end  of  the  tibia,  with  six  inches  of  the  shaft,  are 
preserved.  The  former  relates  with  the  end  of  the  femur,  resembling  it 
both  in  size,  simplicity  of  contour,  and  details  of  surface.  The  form  is 
crescentoid,  one  horn  being  the  cnemial  crest,  the  other  posterior  and 
replaced  by  a  short  truncation.  The  inner  (convex)  face  is  rendered 
angular  by  a  median  tuberosity,  and  all  round  this  margiii  shallow 
grooves  cut  the  solid  angle  at  irregular  distances.  The  articular  face 
displays  the  smooth  area,  and  the  shaft  the  delicate  strise,  seen  in  the 
femur.  The  distal  end  is  unsymmetrically  lenticular  in  section,  one  side 
being  more  convex;  the  articular  face  is  rugose,  showing  a  llxed  liga- 
mentous articulation  for  the  astragalus.  The  convex  face  of  the  shaft 
is  coarsely  striate-grooved  near  the  extremity ;  on  the  other  side,  the 
intervening  ridges  are  represented  by  exostoses  or  rugosities.  The 
flatter  side  becomes  the  more  convex  on  the  lower  part  of  the  shaft. 
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MetMurenients. 

M. 

Transverse  diameter  of  coDdyleeof  femur 082 

Transverse  diameter  of  shaft  of  femnr 053 

(  of  middle  of  condyles 054 

Diameter  fore  and  aft<  of  side  of  condyles 0(19 

<  of  shaft 03ri 

t  creat«st 102 

Diameter  of  head  of  tibia<  fore  and  aft 096 

(  transverse 0()0 

Diameter  of  shaft  of  tibia  proximally  |  f^and*^;'/.".''/..'!'""- !'/.!!! !!'.! !!'.!      1045 

Diameter  of  distal  end  of  tibiaj  fcx'ft.  i'.::  i'.::::  m:::  :::::: ::::;: ::;:  'j^ 

Remarks, — ^If  the  bones  above  described  as  pertaining  to  the  hind 
limb  are  really  such,  they  are  smaller  a«  compared  with  the  dorsal  ver- 
tebrae than  in  Hadrosaurua  foulkeiy  and  indicate  an  animal  the  size  of  a 
horse 

POLYONAX,  Cope. 

Char.  gen. — A  species  considerably  larger  than  the  last,  represented  by 
vertebrae  and  nnmerons  fragments  of  limb- bones.  The  most  characteristic 
of  the  former  are  two  probably  from  the  posterior  dorsal  region,  which 
are  somewhat  distorted  by  pressure.  The  more  anterior  is  shorter  than 
the  other,  and  exhibits  both  articalar  faces  slightly  concave,  the  one  more 
so  than  the  other.  They  are  higher  than  wide,  and  the  border  is  scol- 
loped above  for  the  capitular  articulation  for  the  rib.  There  are  numerous 
nutritious  foramina,  and  some  ligamentous  pits  on  the  articular  surfaces. 
The  inferior  face  is  rounded.  In  the  longer  vertebra,  both  faces  are  more 
strongly  concave,  and  at  each  end  of  the  lower  side  there  is  an  obtuse 
hypopophysial  tuberosity.  The  sides  of  the  centra  of  both  vertebrae  are 
concave.  The  neural  canals  are  relatively  small,  and  the  neurapophyses 
co-ossified.  A  third  vertebra  without  arches  is  similar  in  specific  gravity, 
though  without  the  white  surface-layer  of  the  others.  It  is  appropriate 
in  size  and  form  to  this  species,  and  is  peculiar  in  its  flat  form,  resem- 
bling the  anterior  dorsals  of  the  Hadrosaurus.  In  this  respect  it  is  related 
to  the  shorter  vertebra  of  the  two  above  described  as  the  latter  is  to 
the  longer.  The  surface  of  the  posterior  articular  face  is  damaged ;  it 
was  not  concave,  and  is  now  slightly  convex ;  the  anterior  is  preserved, 
and  is  concave. 

POLYONAX  M0ETX7ABIUS,  CopC. 

The  articular  faces  are  deeper  than  wide  in  the  vertebrae ;  the  sides 
are  smooth ;  the  lower  faces  narrowed  and  probably  keeled. 

*  Measurements. 

M. 

Anterior  dorsal,  len^^h  of  centram 048 

Anterior  dorsal,  elevation  to  neornl  canal 094 

Anterior  dorsal,  width 094 

Median  dorsal,  length  of  centrum 057 

Median  dorsal,  elevation  to  neural  canal 117 

Median  dorsal,  width 083 

Posterior  dorsal,  length  of  centrum OU!^ 

Posterior  dorsal,  elevation 104 

Posterior  dorsal,  width 083 

Posterior  dorsal,  diameter  of  neural  canal 015 

The  measurement  of  the  neural  canal  is  made  near  the  base  of  the 
neurapophyses,  and  is  probably  a  little  affected  by  pressure. 
The  limb-bones  embrace  portions  of  tibia,  fibula,  and  some  others  not 
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yet  determined.  The  portion  of  tibia  Is  from  the  base  of  the  cbemial 
crest,  80  that  one  extremity  is  trilobate,  the  other  transverse  oval. 
Tlie  former  outline  indicites  two  posterior  tuberosities.  The  bone  is 
solid,  and  the  superficial  layer,  for  three  millimeters  or  less,  is  so  dense 
and  glistening  as  to  resemble  cemeutum.  Portions  i*eferred  to  fibuliB 
have  a  subcrescentic  section,  with  narrowed  width  in  one  direction. 
Two  fragments  of  shafts  of  long  bones  I  cannot  determine  either  as  be- 
longing to  the  hmbs  or  pelvis.  They  belong  to  opi>osite  sides  ;  each  is 
oval  in  section,  and  the  diameter  regularly  contracts  to  one  end.  One 
side  is  slightly  convex  in  both  directions ;  the  other  is  less  convex  trans- 
versely, and  gently  convex  longitudinally.  A  peculiarity  consists  of  a 
central  cavity  present  in  both  at  the  fractured  large  end,  which  is  bord- 
ered by  a  layer  of  dense  bone  like  the  outside. 

Measurements. 

Transverse  diameter  of  tibia  fragment  below  cnemial  crest 125 

Antero-posterior  diameter  of  tibiu  fragment  at  base  of  crest (JOS 

Width  of  fragment  of  fibula 073 

Thickness  of  fragment  of  fibula 035 

Lengtb  of  frap^ment  of  unknown  bone 145 

Proximal  diameter  of  unknown  bono 088 

Distal  diameter  of  unknown  bono 065 

The  above  measurements  indicate  a  larger  animal  than  the  Cianodan 
arctatusj  and  one  not  very  different  in  size  from  the  Lwlaps  aquilunguis. 

CBOCODILIA. 

BOTTOSAURUS,  Agass. 

Cope,  Proceed.  Amer.  Philos.  Soc.,  1871,  48. 
BOTTOSAUBUS  PEEEUGOSUS,  Sp.  nov. 

Kepresented  by  numerous  fragments,  with  vertebra  and  portions  of 
skull  which  accompanied  the  dinosaurian  and  turtle  remains  from  East- 
ern Colorado,  already  alluded  to. 

A  portion  of  the  left  dentary  bone  containing  alveoli  for  ten  teeth 
shows  that  this  species  is  not  a  gavial.  The  dental  series  passes  in  a 
curve  from  the  iinier  to  the  outer  sides  of  the  bones,  one  or  two  alveoli 
behind  being  probably  bounded  on  the  inner  side  by  the  splenial  only, 
as  in  B.  maororhyncJius^  when  that  bone  is  in  place.  The  dentary  is 
compressed  at  this  point ;  in  front  it  is  depressed.  There  is  a  slight  dif- 
ference in  the  sizes  of  the  alveoli,  but  not  such  as  is  usual  in  Tertiary 
(uocodiles.  The  external  face  of  the  bone  exhibits  deep  pits  in  longitu- 
dinal lines.  The  angle  of  the  mandible  is  depressed  ;  the  cotylus  of 
articulation  is  partially  concealed  on  the  outer  side  by  the  elevation  of 
the  Kurangular,  whoso  upper  border  is  i)arallel  with  the  inferior  margin 
of  the  ramus  for  two  inches  to  where  it  is  broken  off.  The  outer  face 
of  this  region  is  marked  by  irregular  coarse  ridges  more  or  less  inoscu- 
lating, separated  by  deep  pits.  The  lower  posterior  half  of  the  angular 
bone  is  smooth. 

A  posterior  dorsal  or  lumbar  vertebra  has  a  depressed  cordate  articu- 
lar cup.  The  zygapophyses  are  large  and  widely  spread,  and  strength* 
ened  by  obtuse  ridges  running  from  the  base  of  the  neural  spine  to  the 
posterior  margin  of  the  anterior  and  the  posterior  outer  angle  of  the 
posterior.  One  pit  at  basis  of  neural  spine  in  front ;  two  before.  Ball 
prominent }  sides  of  centrum  concave. 
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Jleaatirements. 

Length  of  fragment  of  ramus 100 

"Width  in  front 034 

Depth  behind 032 

Length  of  eight  alveoli 069 

Diameter  of  largest  alveolas 012 

Diameter  of  smallest ; 007 

Width  of  base  of  angle  of  ramos 04H 

Depth  atsorangnlnr 034 

Length  of  centrum  of  vertebra 045 

Width  of  articular  cup 031 

Vertical  diameter  of  cup 025 

Vertical  diameter  of  neural  arch Oil 

Expanse  of  anterior  zygapophyses 056 

The  specimeD  is  adnlt,  and  indicates  an  animal  about  the  size  of  the 
alligator  of  the  Southern  States.  Its  reference  to  the  present  genus  is 
provisional  only. 

TESTUDINATA. 

TRIONYX,  Geoflfr. 

Trionyx  vagans,  sp.  nov. ;  Trionyxl  foveatus^  Leidy  j  Proceed.  Acad. 
Nat.  Sci.  Philadelphia,  1856,  312. 

Eepresented  by  a  number  of  fragments  of  costal  bones  and  perhaps 
of  sternals  also.  The  former  are  rather  light  or  thin  for  their  width, 
and  are  marked  with  a  honey-comb  pattern  of  sculpture,  in  which  the 
ridges  are  thin  and  much  narrower  than  the  intervening  pits.  They  in- 
cline to  longitudinal  confluence  at  and  near  the  lateral  sutures.  Several 
arese  are  not  infrequently  confluent  in  a  transverse  direction  near  the 
middle  of  the  bone. 

Measurements. 

Width  of  costal  bone 0370 

Thickness  of  costal  bone 0045 

Four  and  five  arese  in  0<°.010. 

This  species  differs  from  the  T.foveatus^  Leidy,  in  the  much  narrower 
interareolar  ridges,  and  larger  aresB,  and  in  their  longitudinal  confluence 
at  the  margins,  characters  exhibited  by  numerous  specimens. 

Lignite  Cretaceous  of  Colorado;  near  the  mouth  of  the  Big  Horn 
Eiver,  Montana ;  Long  Lake,  Nebraska ;  found  at  the  last  two  localities 
by  Dr.  Hayden. 

PLASTOMENUS,  Cope. 

Annual  Report  U.  S.  Geol.  Survey,  1872, 617. 
PLASTOMENUS  (t)  PUNCTULATUS,  Sp.  noV. 

Established  on  a  costal  bone  found  in  association  with  the  preceding 
species,  and  referred  to  the  genus  Plastomenus  provisionally,  and  with  a 
probability  that  it  will  be  found  not  to  pertain  to  it  when  fully  known. 
That  genus  has  so  far  only  been  found  in  the  Eocene  formation.  The 
bone  is  rather  thin  and  sufficiently  curved  to  indicate  a  convex  carapace 
of  moderate  thickness.  The  surface  is  marked  with  closely-packed  shal- 
low pits  without  material  variation  of  form  on  the  proximal  half  of  the 
bone.  The  result  is  an  obsolete  sculi)ture  quite  similar  to  that  seen  in 
some  species  of  the  genus  to  which  it  is  at  present  referred. 
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Mewiureinents, 

Width  of  costal  bone 0230 

ThickneHS  of  coHtalbone 0033 

Nuinbor  of  pits  in  0°'.010,  G. 

Lignite  Cretaceoas  of  Colorado;  also  several  fragments  from  Long 
Lake,  Nebraska,  from  Dr.  Haydeu. 

Plastomeni  s  (!)  iNSiGNis,  sp.  nov. 

Kepresented  by  a  portion  of  tbe  rigbt  byposternal  bone  of  a  tortoise 
about  the  size  of  tbe  last  species,  and  from  the  same  locality.  The  speci- 
men  resembles  in  its  sculpture  such  si)ecies  as  the  Plasiomenus  tnony- 
ehoidesy  and  in  structural  character  the  species  of  Anostira^  but  it  is 
scarcely  probable  that  it  belongs  to  either  genus.  It  is  flat,  and  has  a 
narrow,  straight,  inguinal  margin  at  right  angles  to  the  fine  suture  with 
the  hyosternal.  The  suture  with  the  postabdomial  is  partially  gom- 
phosial.  Surface  dense,  polished,  marked  externally  with  a  reticulate 
sculpture  of  narrow  ridges  separating  larger  and  smaller  areas  wider 
than  themselves.    Marginal  edge  thinner. 

Measurements, 

M. 

Length  of  hypostemal  fore  and  aft 025 

Tliickness  of  nyposterual  at  front 004 

Tits  in  U«n.010,  6. 

Lignite  Cretaceous  of  Colorado. 

ADOCUS,  Cope. 

Proceedings  Academy  of  Natnrnl  Sciences,  Philadelphia,  1868,  235 ;  Proceedings  Amei^ 

ican  Philosophical  Society,  1870,  November. 

ADOCUS  (?)  LINEOLATUS,  Sp.  UOV. 

Established  on  a  number  of  fragments  from  different  exposures  of  the 
lignite  beds — primarily  on  a  vertebral  and  sternal  bone  irom  the  same 
locality  as  the  preceding  specimen.  As  the  diagnostic  iK)rtion8  of  this 
specimen  are  wanting,  it  is  referred  to  this  genus  provisionally,  and 
because  the  structure  and  sculpture  of  the  parts  resemble  most  nearly 
known  species  of  it  from  the  Cretaceous  greensand  of  New  Jersey. 

The  sternal  bone  is  flat,  and  presents  the  wide  and  transverse  sutures 
formiug  the  usual  right  angle,  and  of  a  rather  coarse  character  of  a 
medium  sen^ate  keel,  with  pits  on  each  side  for  the  reception  of  corre- 
sponding ribs.  The  vertebral  bone  is  rather  thick,  and  is  shallowly 
eniarginate  in  front.  The  sculpture  consists  of  delicate,  obscure,  parallel 
lilies,  which  are  more  or  less  interrupted  and  occasionally  joined,  so  as 
to  inclose  faintly-marked  areolsB. 

MetMuremeti^ts. 

Width  of  vertebral  bone  in  front 0135 

Oieiitest  of  vertebral  bone 02H0 

Thi(>kue88  of  vert<?brnl  bono 0070 

Tbicknest*  of  sternal  bone 0080 

From  lignite  of  Colorado,  and  mouth  of  Big  Horn  Eiver,  Montana. 

COMPSEIMYS,  Leidy. 

CoMPSEMYs  viCTUS,  Leidy,  Proceedings  Academy  Natural  Sciences, 
Philadelphiii,  18oG,  312. 

Lignite  of  Long  Lake,  Nebraska ;  Cretaceous  of  Colorado. 
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APPENDIX. 

Descriptions  of  new  mollusks  froni  Cret(weous  beds  of  Colorado^  by  T,  A, 

Conrad, 

I  add  here  some  determiDatious,  by  T.  A.  Courad,  of  mollusks  of  Cre- 
taceous age  obtained  near  Denver  and  in  the  SoaUi  Park. 

HELICOCERAS,  d'Orb. 

H.  YESPERTINUS. — Sinistral,  gradnally  tapering:  ribs  promiuent, 
often  placed  irregularly  as  regards  distance  from  each  other,  gradually 
thickening  toward  the  back,  which  has  two  rows  of  tubercles;  back 
flattened  on  the  large  part  of  the  shell,  and  gradually  rounding  on  the 
smaller. 

Locality. — Seven  miles  south-southeast  of  Fairi)lay. 

In  the  small  specimen  of  rock  containing  this  fossil  are  two  speci- 
mens of  the  same  and  two  of  Ptychoceras. 

ANCHURA,  Conrad. 

A.  BELLA. — Subfusiform;  spire  elevated;  volutions  convex,  with  ob- 
lique, subacute,  curved,  longitudinal  ribs,  crossed  by  regular,  fine  striaB; 
suture  deeply  impressed ;  last  volution  with  two  distant,  angular,  revolv- 
ing ridges,  the  upper  one  largest  and  extending  to  the  end  of  the  pro- 
jecting lip ;  above  this  angle,  the  ribs  are  less  prominent  and  distinct  than 
on  the  spine,  and  disappear  at  the  lower  revolving  angle ;  lip  upturned 
toward  the  extremity  and  acute  at  the  end ;  lower  margin  entire  ;  beak 
short,  narrow,  acute. 

MEEEIA,  Gabb. 

M.  BULLATA. — Subglobose,  inequilateral ;  anterior  side  short,  com- 
pressed, acute  at  the  end^  summits  very  prominent;  umbo  inflated. 
This  smooth  little  species  is  proportionally  much  shorter  and  the  um- 
bones  more  inflated  than  in  if.  seUa^  Gabb.  The  anterior  side  is  shorter 
and  more  acute. 

Locality, — Trout  Creek,  near  Fairplay. 

PTYCHOCERAS,  d'Orb. 

r.  ARATUS. — Larger  branch  having  prominent,  slightly  oblique,  sub- 
undulated,  compressed  ribs,  subacute  on  the  margin;  body  slightly 
swelling  on  the  back  toward  the  base,  where  the  ribs  become  fine  and 
close ;  smaller  branch  ribbed  obliquely  in  a  downward  direction. 

Locality, — ^Trout  Creek,  near  Fairplay. 

There  are  two  rows  of  very  small  tubercles  on  the  flattened  back  of 
this  species. 

HAPLOSCAPHID-^. 

The  genus  -ffiTp?o«cap/«a,  described  in  a  former  volume  of  these  reports, 
is  not,  as  I  thought  at  the  time,  a  member  of  the  family  EudisiWy  but 
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probably  belongs  to  no  recognized  family.  I  have  every  reajRon  to 
believe  that  Inoceramus  involutus^  Sowerby,  is  a  species  of  this  or  a 
nearly  allied  genus.  It  has  the  singular  character  of  being  very  thin 
on  the  disk  and  gradually  thickening  to  the  margin,  in  which  it  agrees 
with  the  American  shells,  and  also  in  the  character  of  the  dorsal  mar- 
gin, which  appears  to  be  rolled  over.  This  rolling-over,  however,  does 
not  exhibit  the  hinge-character,  which  has  no  resemblance  whatever  to 
that  of  InoceramuSj  and  the  ridged  surface  at  the  top  of  the  hinge  is  ou  the 
outside  of  the  valve,  as  represented  in  Sowerby's  tigure,  Table  583,  Fig. 
2.  The  typical  specimen  of  one  valve  of  the  genus  has  a  broad  or  thick 
tooth  near  the  anterior  margin,  and  a  thick,  rounded  ridge  forming  the 
rest  of  the  hinge.  These  singular  shells  were  developed  in  the  Upper 
Chalk  of  England  and  America,  and,  like  the  Rudisiw^  came  suddenly 
and  disappeared  forever  with  the  last  deposit  of  chalk. 

H.  CAP  AX. — Left  valve  inflated,  subrotund,  incurved  toward  the  ven- 
tral margin ;  undulations  or  concentric  ridges  profound,  distant,  extend- 
ing to  the  posterior  hinge-margin,  though  becoming  almost  obsolete 
very  near  the  margin ;  interstices  regularly  and  strongly  striated. 
Length  and  height  equal,  five  inches.  Found  by  Dr.  Leconte  near 
Denver.  InoceramuSy  Fig.  2,  Fremont's  expedition  represents,  I  think, 
this  species. 


CHAPTER     III. 

THE    EOCENE    PERIOD. 

A  few  species  from  beds  of  this  period  were  obtained  in  Wyoming 
and  Colorado,  of  which  the  following  are  new  to  science. 

MAMMALIA. 
EOBASILEUS,  Cope. 

EOBASILEUS  GALEATUS,  Sp.  UOV. 

Eepresented  by  the  greater  x)ortion  of  a  cranium  of  an  individual  of 
the  size  of  the  Jjoxolophodon  cornuttia.  It  possesses  a  greatly-elevated 
occi])ital  crest,  whose  superior  border  presents  a  median  angle  up- 
ward. A  short  distance  in  front  of  it,  and  connected  by  a  very  stout, 
lateral  ridge,  there  arises,  on  each  side,  a  large,  erect  horn-core.  The 
base  is  very  massive,  snbquadrate  in  section,  and  flattened  in  front. 
Posteriorly,  it  presents  a  very  shallow  groove,  which  is  bounded  on  the 
outside  by  a  low  ridge.  The  shaft  expands  gradually,  and  is  propor- 
tionally flattened  from  behind  forward.  The  posterior  face  is  flat }  the 
anterior  gently  convex.  The  extremity  is  transverse-convex,  and  pit- 
ted for  cartilaginous  or  corneous  attachment.  These  horns  .  stand  on 
the  parietal  bones.  The  frontals  extend  to  their  bases,  and  send  a  lami- 
nar expansion  backward  to  the  margins  of  the  lateral  and  posterior 
crests,  covering  the  parietal  in  the  fundus  of  the  basin,  which  the 
former  inclose.* 

*  MiiFHli  ori;riually  8tate<l  that  these  horn-cores  in  UiiUatherium  mirdbilc  stand  on  the 
frontal ;  but  hiter,  that  it  was  doubtful  whether  the  frontal  supported  horns. 


t.5.®MU,||ual«»«>'2«f*'^*"*'"^^;___«ii, 


j.OXpMW"""^ 


GAIJRA'r^*  t:3VK  . 
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The  median  horns  are  very  stout,  and  are  connected  with  the  poste- 
rior by  an  acute  supratemporal  ridge.  Their  inner  face  is  composed  to 
near  the  apex  of  the  nasal  bones.  Where  they  terminate,  the  apex  con- 
tracts, and  is  composed  of  a  cylindric  production  from  the  maxillary. 
The  section  of  these  cores  at  the  middle  is  subquadrangular,  and  longi- 
tudinally oval  at  the  base. 

The  extremity  of  the  nasal  bones  is  small  and  contracted,  and  is  ex- 
tensively overhung  by  the  cornice-like,  flat  cores  above  them.  Thus  the 
end  of  the  snout  has  a  bilobate  outline  when  viewed  from  above. 

The  occipital  face  is  concave  in  vertical  section  and  presents  a  V- 
shaped  dex)ressiou,  with  the  angle  downward,  and  a  low  ridge  on  the  mid- 
dle line  to  the  transverse  superior  border. 

Measurements. 

M. 

Width  of  the  foramen  magnnxn  and  occipital  condyles 0. 2100 

Elevation  of  occipnt,  (8  inches) 2500 

W^idth  of  basin  between  lateral  crests — 3250 

Height  of  posterior  horn-core,  (7  inches) 2300 

V^i(^b,  base  of  posterior  bom-core  antero-posteriorly 1300 

Width,  base  of  posterior  horn-core  transversely 0900 

Width  at  summit 1230 

Hoijvhtof  median  horn-core 1750 

Diameter  of  base  antero-posteriorly lOGO 

Diameter  of  base  transversely OdOO 

Diameter  of  summit 0650 

Projection  of  nasal  cornices  beyondapez 0630 

Length  of  posterior  molar,  crown 0450 

Width  of  posterior  molar,  crown 0550 

This  species  is  equal  in  size  to  the  largest  known  from  the  Bridger 
formation.  It  differs  from  U.  (Loxolophodon)  comutus  in  the  poster- 
iorly-truncate base  of  the  posterior  horn-cores,  the  quadrate  instead 
of  triangular  section,  and  the  stoutness  of  the  median  cores,  and 
extent  of  their  inner  face  covered  by  the  nasal  bones.  It  more  nearly 
resembles  the  E.  pressicomis,  Cope,  and  may  possibly  prove  to  repre- 
sent an  old  male  of  that  animal.  There  is,  however,  a  cx)nsiderable  dis- 
parity in  their  sizes ;  the  horns  diff'er  in  the  greater  stoutness,  having 
twice  the  diameter,  with  little  greater  height.  They  differ  also  in  form, 
in  the  abrupt  contraction  just  below  the  apex.  The  cornice-like  cores  of 
the  nasal  bones  represent  the  tubercles  of  the  E.pressicomis.  The  pos- 
terior horns  differ  in  many  ways  from  those  of  the  E.furcatuSj  and  are 
alone  sufficient  to  indicate  a  different  species. 

From  the  bad  lands  of  South  Bitter  Greek. 


• 


AOH^NODON,  Cope. 

Paleontological  Bulletin,  No.  17,  p.  2. 

Agh^nodon  insolens,  gen.  et  sp.  nov. 

Char,  gen. — Dentition  of  mandible.  In.,  3 ;  C,  1 :  P.  m.,  3  (t4)  j  M.,  3 ; 
forming  an  uninterrupted  series  throughout.  Molars.consisting  of  two 
pairs  of  obtuse  tubercles,  those  of  each  pair  fused  transversely  by  a  lower 
yoke ;  last  molar  with  a  large  posterior  fifth  tubercle ;  last  premolar 
enlarged,  and  with  a  posterior  heel;  penultimate  with  a  simple  conic 
crown  and  two  roots.  It  is  uncertain  whether  one  or  two  teeth  intervene 
between  this  one  and  the  canine.  The  alveoli  are  round,  and  look  as 
through  designed  for  two  single-rooted  premolars. 

This  genus  presents  many  points  of  resemblance  to  Ehtlierium^  but  the 
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contiDiious  deutal  series  is  characteristic  of  many  {j^enera  of  the  Eocene. 
Ill  the  ouly  known  species,  there  are  no  osseoas  taberosities  on  the  rami. 
The  symphyseal  sutare  is  persistent. 

Char,  specif. — Last  premolar  with  longer  basis  than  first  molar ;  its 
posterior  heel  tnbercularly  plicate.  The  crown  of  the  penultimate  pre- 
molar is  a  slightly-compressed  cone  with  elongate  base,  but  little  shorter 
than  that  of  the  first  molar.  Molars  with  smooth  enamel;  an  anterior 
cinguhim  on  the  second  and  third  ;  a  small  posterior  median  tubercle 
on  the  second  molar ;  and  a  short  cingulum,  from  the  base  of  the  |)08te- 
rior  cone  forward,  on  the  third.  Canines  very  large,  suberect ;  enamel 
smooth.    Kamus  of  mandible  very  stout. 

Measurements, 

Length  of  molar  series 0. 180 

Diameter  of  canine  tooth 033 

Length  of  premolars 093 

Length  of  premolars  No.  3 035 

Length  of  molar  No.  1 0524 

Length  of  molar  No.  2 037 

Width  of  molar  No.  2 022 

Length  of  molar  No.  3 041 

Width  of  molar  No.  3 024 

Depth  of  ramus  at  molar  No.  2 073 

This  species  betrays  more  of  suilline  character  than  any  yet  discov- 
ered in  the  Bridger  series ;  but  that  it  has  any  such  afiinity  has  yet  to 
be  shown.    It  was  about  as  large  as  a  fully-grown  cow. 

rnENACODUS,  Cope. 

Paleontological  Bulletin,  No.  17,  p.  3. 
PHENACODUS  PRIMiEVUS,  CopC. 

Char,  gen.j  as  expressed  by  a  posterior  superior  molar  tooth.  Crown 
transverse,  a  little  narrower  and  more  strongly  convex  at  the  inner  than 
the  outer  extremity.  It  supports  five  rather  low  and  obtuse  tubercles, 
two  exterior  and  three  on  the  inner  side.  Outer  tubercles  well  inside 
the  outer  mnrgin  of  the  crown;  the  one  subtriangular  in  section;  the 
other  more  nearly  conical ;  the  two  connected  by  a  low  ridge,  which 
incloses  a  concavity  with  the  outer  margin  of  the  crown.  Three  inner 
tubercles,  arrangetl  on  the  segment  of  a  circle,  sul)equal ;  the  lateral  of 
one  side  connected  with  the  exterior  tubercle  of  the  opposite  side  by  a 
low  ridge,  which  incloses  a  basin  with  the  inner  tubercles. 

Cluir.  specif. — Median  of  the  three  inner  tubercles  stouter  than  the 
others.  No  noticeable  basal  cingulum.  Two  compressed  roots,  with 
axes  at  right  angles  to  each  other,  and  very  large  pulp  cavities  and  thin 
walls. 

Measicrements. 

M. 

Width  of  crown 0.0140 

Length  of  crown . . . , 00^3 

Elevation  of  outer  cones  ahove  shoulder 0050 

Width  betwetn  apices  of  outer  cones 0060 

Width  between  apices  of  median  cones 0050 

This  tooth  more  nearly  resembles  the  last  tubercular  molar  of  a 
canine  carnivore  than  any  other  with  which  I  can  compare  it,  though  it 
presents  some  difi'erences.  It  would  represent  an  animal  rather  larger 
than  a  wolf. 
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OBOTHEBIUMy  Marsh. 

Amer.  Joom.  Sci.  Arts,  1872,  p.  S17. 
OBOTHEBIXJM  INDEX,  Sp.  DOV. 

Kepresented  by  both  mandibalar  ramis,  with  many  of  the  molars  in 
good  preservation.  These  number  P.  m.,  3 ;  M.,  3.  The  last  premolar  is 
somewhat  like  the  first  molar,  bnt  has  but  one  posterior  tubercle,  and 
adds  a  cingular  projection  in  front  of  the  anterior  pair.  The  first  pre- 
molar has  two  roots  ;  the  second  is  compressed  and  with  a  broad  heel 
behind.  In  the  molars,  the  anterior  tubercles  are  connected  by  a  cross- 
ridge  ;  the  posterior  are  a  little  more  distinct  from  each  other.  The 
inner  anterior  tubercle  is  obtuse,  but  not  bifid,  and  its  base  is  connected 
with  the  apex  of  the  posterior  outer  by  a  diagonal  ridge.  There  is  a 
small  median  posterior  tubercle  on  the  M.  2,  and  a  large  heel  on  the 
last  molar.  It  supports  a  conic  tubercle,  which  is  connected  by  sharp 
ridges  with  the  tubercles  preceding  it.  There  is  a  cingulum  on  the  outer 
face  of  the  true  molars,  which  does  not  extend  on  the  base  of  the  tuber« 
cle  of  the  posterior  pair. 

Measurements. 

M. 

Length  of  molar  series 0.0350 

Length  of  first  premolar 00:^ 

Length  of  third  premolar 0055 

Width  of  third  premolar 0040 

Length  of  second  molar 0065 

Width  of  second  molar 0045 

Length  of  lost  molar 0098 

Depth  of  ramus  at  first  premolar 0021 

Depth  of  ramasat  second  molar 1 0023 

PISCES. 
EHINEASTES,  Cope. 

Hayden's  Annual  Report,  1872,  p.  638. 

Bhineastes  pectinatus.  Cope,  Bullet.  U.  S.  Geol.  Surv.,  No.  2, 1874, 
p.  49. 

This  catfish  is  represented  by  a  single  specimen,  which  includes  only 
the  inferior  view  of  the  head  and  body  anterior  to  the  ventral  fins. 
These  exhibit  characters  similar  in  many  respects  to  those  of  AmiuruSj 
Eaf.,  but  the  interoperculum,  the  only  lateral  cranial  bone  visible,  dis- 
plays the  dermO'Ossified  or  sculptured  surface  of  the  Eocene  genus,  to 
which  I  now  refer  it.  Other  characters  are  those  of  the  same  geuus. 
Thus,  the  teeth  are  brush-like,  and  there  is  an  inferior  limb  of  the  post- 
temporal  bone,  reaching  the  basioccipital.  The  modified  vertebral  mass 
is  deeply  grooved  below,  and  gives  off  the  enlarged  diapophysis  that 
extends  outward  and  forward  to  the  upper  extremity  of  the  clavicle. 
The  patches  of  teeth  on  the  premaxillary  are  separated  by  a  slight 
notch  at  the  middle  of  the  front  margin  The  teeth  are  minute.  The 
four  basihyals  and  the  elongate  anterior  axial  hyal  are  distinct ;  also, 
the  ceratohyal  with  its  interlocking  median  suture.  The  number  of 
branchiostegal  radii  is  not  determinable ;  three  large  ones  are  visible. 
The  mutual  sutures  of  the  clavicles  and  coracoids  are  interlocking,  and 
their  inferior  surface  displays  grooves  extending  from  the  notches.   The 
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pectoral  spine  is  rather  small,  and  bears  a  row  of  recnrved  hooks  on  its 
posterior  face ;  there  are  none  on  the  anterior  face. 

The  head  is  broad,  short,  and  rounded  in  front,  which,  with  the  unci- 
nate character  of  the  serration  of  the  pectoral  spine,  leminds  one  of  the 
existing  genus  Noturna.  As  compared  with  the  five  species  of  Wiine- 
iistes  described  from  the  Bridger  Eocene,  the  present  species  is  distin- 
guished by  the  small  size  and  uncmi  of  the  pectoral  spine. 

Measurements. 

Lenprth  of  head  to  clavicle,  (below) 0.018 

Width  of  bead,  (below) 036 

Width  of  scapnlar  arch,  (below) Oil 

Expanse  modified  diapopbysea 020 

Length  of  modified  vertebras 0115 

Length  of  pectoral  spine Oil 

From  the  Tertiary  shale  of  the  South  Park,  Colorado. 

AMYZON,  Cope. 

Hayden's  Annual  Report,  1872,  p.  642. 

Amyzon  coMMrNE,  Cope,  Bullet  U.S.  Geol.  Survey,  Ko.  2, 1874, p. 60. 

Id  describing  this  species,  the  following  additions  to  our  knowledge  of 
the  generic  characters  may  be  made.  There  is  an  open  fi on  to-parietal 
fontanelle ;  the  prcinaxillary  forms  the  entire  superior  arch  of  the  mooth ; 
the  pharyngeal  bones  are  expanded  behind ;  there  are  12-13  rays  of  the 
ventral  tin ;  there  is  a  lateral  line  of  pores,  which  divides  the  scales  it 
pierces  to  the  margin. 

The  greatest  depth  of  the  body  is  just  anterior  to  the  dorsal  fin,  and 
enters  the  length  2.(16  times  to  the  base  of  the  caudal  An,  or  a  little 
more  than  three  times.  Including  the  caudal  fin.  The  length  of  the  head 
enters  the  former  distance  a  little  over  3.25  times.  The  general  form  is 
thus  stout  and  the  head  short;  the  front  is  gently  convex  and  the  mouth 
terminal.  There  are  fifteen  or  sixteen  rows  of  scales  between  the  bases 
of  the  dorsal  and  ventral  fins.  They  are  marked  by  close  concentric 
lines,  which  are  interrupted  by  the  radii,  of  which  eight  to  fifte^iu  cross 
them  on  the  exiK)se<l  surface,  forming  an  elegant  pattern.  At  the  center 
of  the  scale,  the  interrupted  lines  inclose  an  areolation.  The  extended 
pectoral  fin  reaches  the  ventral,  or  nearly  so ;  the  latter  originates  be- 
neath the  anterior  rays  of  the  dorsal,  or  in  some  specimens  a  litttle  be- 
hind that  point.  Tbey  do  not  reach  the  anal  when  appressed.  The 
anal  is  rather  short  and  has  long  anterior  radii.  The  dorsal  is  elevated 
in  front ;  the  first  ray  is  a  little  nearer  the  basis  of  the  caud.il  fin 
than  the  end  of  the  muzzle.  It«  median  and  posterior  rays  are  much 
shortened ;  the  latter  are  continued  to  near  the  base  of  the  anal  fin. 
Badii,  D.,  33 ;  P.,  14 ;  Y.,  13 ;  A.,  12.  The  caudal  is  strongly  emargiuate, 
and  displays  equal  lobes. 

Measurements. 

M. 

Length  of  a  large  specimen,  (10.25  inches) 0.250 

Length  of  auicdiuui  specimen 182 

Depth  at  occiput 043 

Depth  at  dorsal  fin 057 

Depth  at  caudal  peduucle 023 

Leugth  of  head,  axial 044 

Length  to  I).  1 ,  axial 075 

Lengtli  to  end  uf  dorsal,  axial 131 

Iieugth  to  hasis  of  caudal  fin 146 

Length  of  basis  of  anal  tin 023 
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There  are  thirty-eigbt  or  tbirty-Dine  vertebrce,  of  wbicb  uine  are  ante- 
rior to  tbe  first  iDterneural  spiue,  aud  foarteen  between  tbat  point  and 
the  first  caudal  vertebra. 

A  very  large  number  of  specimens  wasobtaiued  by  Dr.  Hayden  and  my- 
self from  the  Tertiary  shales  of  the  Middle  and  South  Parks,  Colorado. 
They  display  but  insignificant  variations  in  all  respects,  and  furnish  a  good 
basis  of  detennination.  They  all  dift'er  from  the  A,  mentale^  Cope,  (Proceed. 
Amer.  Philos.  Soc.,  1872,  p.  481,)  in  the  larger  numbers  of  vertebraj  and 
dorsal  and  anal  fin  radii,  aud  gi-eater  prolongation  of  the  dorsal  fin.  It 
is,  however,  nearly  allied  to  the  species  of  the  Osino  shales.  The  only 
fish  found  associated  with  this  one  is  the  small  nematognath  just 
described.  The  predominance  of  these  tyi^es  and  exclusion  of  the 
brackish-water  genera  A»ineops^  UrisfnatopternSj  and  ClnpeUj  so  abundant 
in  the  shales  of  the  Green  Eiver  epoch,  indicate  a  more  lacustrine,  and 
hence,  perhaps,  though  not  necessarily,  later  de|K)sit. 

CLUPEA,  Linn. 

Clupea  theta,  Cope,  Bullet.  U.  S.  Geol.  Surv.,  No.  2, 1874,  p.  51. 

Kepresented  by  a  speximeu  from  the  Green  River  shales,  near  the 
mouth  of  Labarge  Creek,  in  the  upper  valley  of  Green  River.  It  is  a 
larger  species  than  the  C.  ptisillay  Leidy,  which  is  also  found  at  the  same 
locality,  and  has  a  much  longer  anal  fin.  Its  radii  number  twenty-six, 
possibly  a  few  more,  as  the  end  appears  to  have  been  injured.  The 
dorsal  fin  is  short ;  the  last  ray  iu  advance  of  the  line  of  the  first  of  the 
anal.  The  body  is  deep.  Number  of  vertebrae  from  the  first  interneural 
spine  to  the  last  interha^mal,  twenty-nine.  Depth  at  first  dorsal  ray, 
0.0485 ;  depth  at  last  anal  ray,  0.0170 ;  length  of  twenty-nine  vertebrae, 
0.0780. 


CHAPTER    IV. 

THE    MIOCENE    PERIOD. 

The  fauna  of  the  White  River  epoch  is  well  known  to  bo  entirely 
distinct  from  that  which  preceded  it,  which  is  preserved  in  the  beds  of 
the  Bridger  formation ;  no  species  or  genus  of  mammal  is  common  to  the 
two,  and  but  a  proi>ortion  of  the  families.  This  difference  is  similar  to 
that  which  distinguishes  the  Lower  P^ocene  from  the  Miocene  fauna  of 
Europe.  The  parallelism  of  the  Wyoming  fauna  with  that  of  the 
Eocene  of  France  and  Switzerland  is  very  full,  although  not  without 
exceptions.  Both  are  characterized  by  the  absence  of  equine  peris- 
sodactyles  and  ruminant  artiodactyle«,  of  Elephaniidw^  Ehitwceridcej 
and  extreme  poverty  in  feline  and  musteline,  or  the  higher  carnivora- 
Both  are  characterized  by  the  presence  of  lemurs  and  generalized  qua- 
druniana,  and  by  the  great  predominance  of  Perissodactyla  allied  to  the 
tapirs.    Parallel  genera  of  the  respective  groups  may  be  thus  exhibited : 

WYOMING.  FEAKCE. 

Carnivora,  Mesonyx.  Eycowdon, 

Quadrumana,  Anaptomorphm.  Adapts. 

Perissodactyla,  Palceosyopa.  Palceotherium. 

Hyrachym,  Laphiodon. 

Hyopsodus.  Hyracotherium. 

Artiodactyla,  Achcmodon.  Anthracotherium. 
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TbeimportantdifferenceBarethepreaenceof  Jrttodarfyte  with  seleno- 
dont  molar  teeth  in  the  French  Eocene ;  I  allude  to  the  Anoplotheriida 
and  HyopotamidcE,  which  are  entirely  wanting  in  the  Wyoming  beds. 
On  the  part  of  the  latter,  the  presence  of  the  EobaailiidtE,  ButhmodontidtE, 
and  AnchippodontidcE  couBtitnte  a  marked  pecoliarity.  On  the  whole, 
the  evidence  is  in  favor  of  ascribing  the  priority  of  age  to  the  Wyoming 
Eocene. 

The  appearance  of  BelenodoDt  artiodactyles,  inclading  great  nambers 
of  Tragulidie,  with  horses  and  rhinoceroses  in  the  White  Hiver  beds, 
clearly  mark  the  advent  of  the  Miocene,  while  the  presence  of  ffyopo- 
tamvs  and  £lotJi^um  indicate  a  nearer  relation  to  the  Lower  than  to  the 
"Upper  Miocene  of  Europe.  The  family  of  Oreodfmtidte  is  the  pecnliar 
feature  which  distingnishes  the  American  from  the  European  beds,  while 
the  latter  contain  numerous  viverrine  camivora  not  known  from  Amer- 
ica. The  Loup  Fork  beds,  from  the  greater  proportion  of  existing  ge- 
nera which  they  contain,  display  a  resemblance  to  th^  European  Plio- 
cene; but  they  differ  strikiugly  in  the  greater  number  of  horses  and 
camels  which  they  contain.  The  smaller  percentage  of  existing  genera 
in  the  Loup  Fork  beds,  with  the  peraisteuce  of  an  oreodout,  (Met-ychyua,) 
indicates  that  these  niao  should  be  placed  anterior  to  the  Pliocene  of 
France. 

The  species  enumerated  in  the  following  pages  are  distributed  in  their 
orders  as  follows.  I  add  a  list  of  the  species  enumerated  by  Dr.  Leidy, 
OS  occurring  in  the  White  River  beds  of  Dakota  and  Nebraska,  with  the 
nnmber  common  to  them  and  the  Colorado  beds.  I  odd  also  a  column 
indicating  the  nnmber  not  yet  identified  oat  of  Colorado. 
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The  di&erence  between  the  Dakota  and  Colorado  fannas  is  more  api>ar- 
ent  thau  real.  The  presence  of  Dumeroas  small  reptiles  and  insectivor- 
ous and  rodent  mammals  in  the  latter  is  chiefly  due  to  local  advantages 
ior  preservation  and  subsequent  discovery.  This  is  indicated  partly  by 
the  fact  that  the  more  abundant  rodents  of  Colorado  are  those  which 
have  been  already  discovered  in  Dakota,  Other  differences  ore  not  so 
readily  accounted  for.  Thus,  the  poverty  in  species  of  OreodoutUlcB  m 
the  mi<lst  of  most  abundant  individual  remains  is  a  peculiarity  of  the 
Colorado  formation,  while  the  Tragulidee  o\'  the,  latter  are  more  abun- 
dant in  both  individuals  and  species  than  in  the  Dakota  fauna.  While 
there  is  but  one  species  in  the  latter,  there  are  five  species  of  four  ge. 
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sera  in  Colorado.  The  Poebrothertumj  rather  rare  in  Dakota,  is  quite 
abundant  in  Colorado.  On  the  other  hand,  no  trace  of  the  Tiianothe- 
Hum  of  the  former  has  yet  been  announced  from  the  latter  locality,  and 
it  is  probable,  indeed,  as  remarked  by  Professor  Marsh,  that  that  genus 
is  characteristic  of  another  horizon  of  the  Tertiary  from  the  one  under 
consideration.  If,  as  I  believe,  the  Colorado  Miocene  is  the  true  White 
Eiver  epoch,  then  the  Titanotheriumx^  derived  from  another.*  Compara- 
tively few  traces  of  the  Symborodons  have  yet  been  brought  from  Da- 
kota, but  this  may  be  due  to  the  fragility  of  these  fossils  and  local  causes. 
The  difit'erences  in  the  caruivora  are  not  strikingly  great;  the  only  genus 
not  in  some  degree  representative  in  the  two  faunas  being  the  Bunwlu- 
rus  of  the  present  paper. 

The  most  important  result  obtained  by  the  expedition  of  1873  was 
the  discovery  of  an  abundant  fauna  of  Lacertilia  and  Ophidia  and  of 
the  smaller  mammalia  of  the  insectivorous  and  rodent  orders.  A  genus 
of  supposed  Quadrumana  was  discovered,  and  an  elucidation  of  the 
structure  of  the  genus  of  gigantic,  horned  perissodactyles,  which  I  called 
Symborodon,  was  rendered  possible  by  the  large  amount  of  material  ob» 
tained.  While  the  pre-eminently  horned  type  of  the  present  fauna  is  the 
order  of  Rximinaniia^  and  it  has  been  found  that  those  of  the  Eocene 
period  were  an  aberrant  type  of  proboscidians,  those  of  the  Miocene  are 
now  shown  to  be  perissodactyles. 

The  predecessors  or  ancestors  of  the  hog,  Bdbirus%aj  and  similar  exist- 
ing animals,  are  being  gradually  brought  to  light  by  modern  paleonto- 
logical  studies.  One  of  those  nearest  the  domesticated  form  has  been 
found  in  the  Miocene  of  France,  and  is  referred  to  the  genus  Palwochce- 
rus.  It  is  also  related  to  the  peccaries,  which  appear  to  have  existed 
during  the  same  early  period  in  North  America  in  considerable  abund- 
ance. Their  existence  in  South  America  at  the  present  time  is  one  of 
many  indications  that  that  region  has  not  advanced  in  respect  to  its 
fauna  as  rapidly  as  our  own  and  the  old  continents.  Another  Miocene 
genus  of  hogs  is  the  Ulotheriunij  which  has  left  remains  in  France  and 
in  North  America.  The  common  species  of  the  Nebraska  beds  ijs  the  JS. 
mortonii  of  Leidy,  which  was  as  large  as  a  pig.  Its  front  teeth  are  much 
developed  at  the  expense  of  the  hinder  ones ;  and  it  had  bony  tuberosi- 
ties on  the  under  jaw  in  the  positions  now  supporting  wattles  in  the 
hog.  I  discovered  during  the  past  season  much  the  largest  species  of 
Elotherium  yet  known.  The  skull  was  longer  than  that  of  the  Indian 
rhinoceros,  and  the  tuberosities  of  the  lower  jaw  were  greatly  developed. 
The  fix>nt  pair  formed  divergent  branches  on  the  lower  front  of  the  chin, 
so  that  it  ai>peared  to  bear  a  horn  on  each  side,  which  the  animal,  doubt- 
less, found  useful  in  rooting  in  the  earth.  The  species  was  semi-aquatic 
in  its  habits,  like  the  Hippopotamus  and  Dinotherium  ;  but  while  these 
are  furnished  with  extraordinary  developments  of  the  lower  incisor- 
teeth  for  tearing  up  their  food,  the  Elotherium  ramosum  is  the  only 
animal  known  which  possessed  horns  in  the  same  position  and  for  the 
same  purpose. 

A  still  older  type  of  hogs — which  may  claim  to  be  the  predecessor  in 
structure  as  well  as  in  time  of  all  known  genera — is  the  Ach(enodofij 
Cope,  from  the  Eocene  of  Wyoming,  described  a  few  pages  back.  The 
A.  imolens  was  a  powerful  beast,  larger  than  a  bojir,  with  a  compara- 

*  I  tbmicrly  supposed,  following  Dr.  Leidy,  that  Titanotheiium  is  characteristic  of  the 
horizon  of  Oreothn^  &c.,  and  therefore  quoted  Professor  Marsh  as  as^i^rniu^  a  diflVrent 
ape  to  the  Colorado  heds.  On  re-exainiuation  of  his  remarks,  (Amcr.  Journ.  Sci.  Arts, 
1670,  p  \i92,)  while  they  hear  this  interpretation,  I  heliove  that  ho  did  not  intend  to 
make  any  direct  assertion  to  this  effect. 
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lively  sliort  head,  and  with  the  uninterrupted  series  of  teeth  which 
belongs  to  all  the  oldest  torms  of  the  mammals  and  to  the  higher  qiia- 
drumana. 

The  early  relations  of  the  camels  is  a  question,  heretofore  very  obscure, 
which  has  been  greatly  elucidated  by  the  researches  in  Colorado  during 
the  present  season.  These  ruminants  ditler  from  all  of  their  order  of 
quadrupeds  in  having  one  incisor-tooth  in  the  upper  jaw  on  each  side, 
and  in  a  remarkable  structure  of  the  neck- vertebrae.  In  the  latter,  the 
artery  that  conveys  blood  to  the  brain  in  part  occupies  the  vertebral 
canal  with  the  nervous  cord.  In  other  ruminants,  as  in  most  mammalia, 
it  is  carried  by  the  lateral  process  of  the  vertebrsB  in  a  tube  at  their 
bases. 

Camels  and  llamas  have  a  limited  number  of  premolar  teeth  of  the  per- 
manent series,  and  a  larger  number  in  the  milk-series;  the  excess  not 
being  replaced  when  shed.  They  have,  at  a  very  early  stage  of  develop- 
ment, indications  of  a  iuU  series  of  upper  incisors,  which  are  early 
absorbed.  The  extinct  camels  (Procamelus)  of  the  latest  of  our  West-em 
Tertiary  formations,  supposed  to  be  the  Pliocene,  have  been  shown  by 
Leidy  to  retain,  in  their  permanent  dentition,  the  full  number  present  in 
the  milk-series,  thus  resembling  the  younger  stage  of  the  modern  camels 
and  llamas  rather  than  the  adult.  I  have  also  found  that  these  early 
camels  possessed  a  full  development  of  the  character  seen  in  the  foetus 
of  various  ruminants.  In  this  respect,  the  Procamelus  resembled  their 
still  earUer  predecessors.  It  is  also  evident  that  the  change  from  Fro- 
camelus  to  Camelus  may  be  explained  by  a  process  of  retardation  of  the 
growth  of  the  teeth. 

The  ruminants  called  Trugulidce  are  now  confined  to  the  warm  regions 
of  Asia  and  Africa,  but  they  were  formerly  widely  distributed  over  the 
earth,  especially  during  the  Miocene  period.  They  embraced  then,  as 
they  do  now,  some  of  the  smallest  and  most  elegant  of  the  cloven-footed 
Ungulata.  In  France,  three  genera  have  been  discovered,  which  em- 
brace numerous  species.  The  most  numerously-represented  genus  is  the 
Amphitragulus.  In  North  America,  four  genera  have  been  found  in 
corresponding  formations,  representing  five  species.  Two  of  them  be- 
long to  Hypertragulus ;  while  Hypisodus  includes  the  smallest  of  the 
known  species,  the  R.minimus^  Cope,  which  was  not  heavier  than  a  cat- 
squirrel.  In  these  musks,  the  first  premolar  teeth  have  a  peculiar  position, 
being  more  or  less  approximated  to  the  incisor-teeth.  The  Leptomeryx 
evansiij  Leidy,  is  a  species  of  medium  size,  which  has  the  permanent 
premolar  teeth  of  the  same  form  as  the  milk-premolars ;  while  in  Hyper- 
tragulusj  the  permanent  premolars  take  on  quite  a  difi'ereut  form,  thus 
making  a  step  in  advance  not  attained  by  the  former.  It  has  been 
ascertained  by  me  that  Poebrotherium  has  the  peculiar  neck-vertebrae 
that  belong  to  the  camels,  and  also  similar  resemblances  in  the  forefoot, 
diiiering  in  both  respects  from  Tragulidce.  Like  the  camels,  it  has  only 
two  toes,  while  Tragulidw  have  four;  but  then  it  is^like  the  latter  in 
having  these  toes  entirely  separate,  as  in  a  hog,  and  not  united  into  the 
common  bone  of  ruminants.  The  conclusion  is  that  Poebrotherium  is  the 
X)rototype  of  the  camels,  and  that  it  is  near  the  common  ancestor  from 
which  Tragulidw  seem  to  have  branched  off.  This  ancestor  undoubtedly 
was  nearly  related  to  certain  fossil  ungulates  found  in  the  Eocene  of 
France. 

INSECTIVOEA. 

Numerous  species  of  this  order  were  discovered  during  the  explora- 
tion of  the  Colorado  Miocene.  Two  species  only  had  been  previously 
known  in  the  formation,  namely,  the  Lepticti8  haydenii  and  Ictopa  dako* 
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tensis  of  Leiily,  from  the  bad  lands  of  Dakota,  obtained  by  Dr.  Haydeii 
in  18(i(].  These  ai>ecies  are  allied  to  both  the  hedgehogs  and  the  tenrecs 
of  Madagascar,  and  represent  the  larger  forms  of  the  order.  A  third 
species  of  the  same  group  was  found  by  the  writer,  viz,  the  Isacis  canl- 
culus.  But  the  greater  number  of  species  discovered  are  of  smaller  size, 
and  belong  to  families  of  which  no  representatives  had  been  previously 
known  in  the  American  Miocene.  HerpeMlieriumj  Cope,  embracing  the 
greatest  number  of  species  and  individuals,  is  possibly  a  member  of  the 
Talpida\  and  presents  aflinities  to  the  European  genus  Talpa^  or  the 
true  moles.  Domr.ina^  Cope,  and  probably  JSmbm»i4t^  Cope,  present 
affinities  to  the  Soricidcc^  so  far  as  known.  As  elsewhere,  the  species 
are  most  frequently  represented  by  rami  of  the  mandible,  often  with 
beautifully-preserved  dentition  ;  but  portions  of  crania  are  occasionally 
found.  Those  of  the  latter  in  my  possession  are  referable  to  three 
species.  One  of  them  fortunately  supi>ort8  both  mandibular  rami,  and 
furnishes  the  entire  dentition  of  the  Herpetothcrium  fugaxj  the  superior 
incisors  only  being  wanting.  Another  consists  of  a  very  elongate  and 
compressed  muzzle,  with  w  hich  a  cranium  with  base  of  muzzle  may  be  as- 
sociated. They  are  described  provisionally  under  the  head  of  Domnina. 
The  generic  types  differ  as  follows : 

*  Inferior  molars  (except  rarely  the  posterior)  similarly  composed : 

Herpctotheriunij  Cope.     Dentition  :  I.,  ^ ;  C,  \ ;  P.  m.,  -| ;  M.,  -J.    Last 
inferior  molars  nearly  similar  to  the  others,  which  have  the  poste- 
rior pair  of  tubercles  and  the  anteriorone  distinct ;  inferior  cauino 
large,  followed  immediately  by  premolars. 
EmhuHsis^  Cope.    Inferior  molars  without  anterior  cone ;  the  ante- 
rior lobe  elevated,  triangular  in  section ;  i)osterior  tubercles  conic ; 
last  molar  similar. 
Domnina^  Cope.    Inferior  molars  three,  with  the  outer  i)osterior 
tubercle  a  crescent,  like  the  outer  anterior  ;  the  inner  posterior  a 
cone ;  anterior  forming  a  sectorial  edge  with  outer ;  last  molar 
smaller,  consisting  of  one  crescent  and  a  heel ;  molars  increasing 
in  size  anteriorly  with  anterior  cone. 
♦•Inferior  molars  dissimilar,  tubercular,  and  sectorial: 

ImcWj  Cope.    Last  three  molars  with  cross-crests;  the  one  preced- 
ing with  an  anteriorconic  cusp  and  two  median  ones,  with  a  broad 
heel,  which  8ui)ports  a  cusp. 
The  total  number  of  the  species  of  Insectivora  obtained  by  the  expe- 
dition of  1873  is  as  follows,  all  of  them  being  at  the  time  new  to  science : 

Herpetothcrium,  Cope 5 

EmbaHHis^  Cope » 2 

Domnina^  Cope    3 

Isacis  J  Cope 1 

II 
lIERPETOTnERIUM,  Cope. 

Paleoiitolof;ical  Bulletin,  No.  IG,  1873,  p.  1.— Synopsis  of  New  Vertebrata  from  the  Ter- 
tiary of  Colorado,  p.  4. 

This  genus  is  more  nearly  allied  to  the  existing  genus  Talpa  of  the 
Palearctic  region  than  to  any  existing  North  American  form,  so  far  as 
dental  characters  are  conclusive.  The  number  of  molar  teeth  is  greater ; 
thus  ^}  in  the  extinct  to  |§  in  the  recent  genus.*     If  the  inferior  cani- 

*  Tlui  (lontal  formula  given  for  this  genus  (Synopsis  New  Vertebrata,  &c.,  p.  4)  em- 
braces the  lignres,  incisors  f.  This  is  a  typographical  error  for  ^  I  did  not  have 
opportunity  of  reading  the  proofs. 

30  G  S 
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niform  tooth  be  regarded  with  F.  Cuvier  as  a  premolar,  the  numbers 
of  the  latter  teeth  must  be  read  in  these  genera  J  ^nid  |  respectively. 
Since  it  is  situated  in  advance  of  the  foramen  mentale  and  closes  in 
front  of  the  superior  canine,  it  is  probably  not  a  premolar,  but  a  true 
canine,  and  the  number  of  inferior  incisors  is  correctly  stated  as  four  on 
each  side.  In  the  typical  species,  H.  fugax^  the  superior  molars  are 
composed  of  two  external  triangles,  and  an  internal  cingulum-like  ores* 
cnt,  near  the  base  of  the  crowu ;  last  molar  with  onXy  one  external  tri- 
angle ;  premolars  compressed,  simple ;  canines  large,  simple,  subvert!- 
cal ;  inferior  incisors  slender. 

The  homologies  of  the  cusps  of  the  upper  molars  appear  to  be  that 
the  apices  of  the  external  triangles  represent  a  median  series  of  cusps, 
-while  the  longitudinal  ridge  forming  their  bases  represents  tbe  cusps  of 
the  external  row.  When  in  an  unworn  state,  their  apices  are  probably 
more  distinct.  At  present,  in  the  typical  specimen,  the  ridge  is  not  less 
elevated  than  the  apices  of  the  triangles.  This  genus  differs  from  the 
Talpidce  and  resembles  the  Isacidce  in  the  fact  that  the  cusps  of  the  pre- 
molars are  homologous  with  the  external  one  of  the  true  molars,  and  not 
with  those  of  the  median  series,  as  in  the  former  family.  But  it  agrees 
with  the  Talpidce  in  the  presence  of  two  triangles  and  a  well-developed 
intenml  lobe.  All  of  the  teeth,  and  especially  the  canines,  are  more 
robust  than  in  Talpa  and  Scalops. 

The  known  species  differ  as  follows : 

I.  Anterior  cusp  of  molars  well  separated ;  several  molars 
with  three  cusps  on  the  heel : 

Size,  medium H.  triaispis. 

Size,  verj"  small H,  huntii. 

II.  Anterior  cusp  well  separated ;  heel  (except  of  the  last) 

with  two  cusps : 
Heel  of  M.  4  narrow ;  middle  cusps  moderate : 

Very  small II.  stevenaonii. 

Large U.fugax. 

Heel  of  M.  4  narrow ;  middle  cusps  elevated  much 
above  heel : 

Medium , II.  acalare. 

Herpetotiierium  tricuspis.  Cope.,  Synopsis  New  Vertebrata  Col., 
1873,  (October  IC,)  p.  5. 

Kepresented  by  portions  of  five  mandibular  rami.  Posterior  tuberele 
low,  on  the  inner  side,  visible  in  all  the  molars.  A  hiatus  between  the 
first  and  second  premolars;  foramina  below  P.  m.  1  and  M.  1;  canine 
well  developed. 

Measurements. 

M. 

Length  of  dental  series  from  canine,  omitting  M.  4 0. 0110 

Length  of  first  true  molar 0020 

"Elevation  of  first  true  molar 0018 

Depth  of  ramus  at  third  true  molar 0027 

Herpetotherium  huntii.  Cope,  Synopsis,  loc.  cit.,  p.  5. 

The  least  species  of  the  genus,  rei)resented  by  portions  of  three  man- 
dibular rami  with  all  of  the  molar  teeth. 

All  the  cusps  low,  the  median  unequal,  the  anterior  and  posterior 
divergent,  the  latter  concealed  by  the  former  when  in  place,  although 
well  develoi)ed.    Foramina  below  P.  m.  2  and  M.  1. 
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Measurements. 

Length  of  dental  Beries,  omitting  canine  and  P.m.l 0.0072 

Length  of  first  true  molur 0013 

Elevation  of  first  true  molar 0010 

Length  of  third  true  molar 0013 

Depth  of  ramus  at  third  true  molar 0019 

Dedicated  to  my  friend  Prof.  T.  Sterry  Hunt,  of  Boston. 

Heepetotheeium  stevensonh,  Cope,  Synopsis,  loc.  cit.,  p.  6. 

A  very  small  species.  Median  cnsps  of  molars  unequal ;  the  exter- 
nal much  elevated,  and  separated  by  a  deep  notch  from  the  anterior. 
Heel  of  M.  4  contracted. 

Measurements. 

M. 

Length  of  last  two  molars 0.0029 

Length  of  third  true  molar 0015 

Elevation  of  third  true  molar ^ .0012 

Depth  of  ramus  at  third  true  molar  ....^ 0020 

Abundant.  Dedicated  to  my  friend  James  Stevenson,  of  the  United 
States  Geological  Survey,  the  discoverer  of  the  deposit  from  which  the 
fossils  here  described  were  procured. 

Hebpetotherium  fugax.  Cope,  Paleontological  Bulletin,  No.  16,  p. 
1 ;  Synopsis  New  Vert.  Colorado,  p.  6. 

Cranium  wide;  interorbital  region  flat;  muzzle  narrowed,  but  still  wide 
and  plane  above.  Mandibular  rami  long  and  slender;  mental  foramina 
below  the  first  premolar  and  the  first  molar.  The  foramen  infraorhitale 
anterius  is  situated  above  the  third  premolar.  There  is  a  short  diastema 
behind  the  first  premolar  in  both  jaws.  There  are  rudimental  basal 
tubercles  fore  and  aft  on  the  second  superior  premolar.  The  superior 
canine  issues  a  short  distance  behind  the  maxillo-premaxillary  suture. 
In  the  inferior  molars,  all  of  the  five  cusps  are  distinct  to  the 
base,  except  the  median  pair,  which  are  connected  by  a  deeply-notched 
yoke.  Enamel  smooth ;  no  cingula.  The  nasal  bones  are  expanded 
behind  and  their  posterior  suture  is  medially  emarginate. 

Measurements. 

H. 

Width  of  cranium  at  front  orhit 0. 0160 

Width  of  muzzle  at  canines 0050 

Length  of  haeee  of  crowns  of  four  true  molars  of  upper  jaw 0070 

Length  of  hases  of  five  inferior  molars 0100 

Length  of  hasis  of  crown  of  last  molar • 0020 

Length  of  hasis  of  crown  of  penultimate  molar 0020 

Height  of  crown  of  penultimate  molar 0017 

Depth  of  Jaw  at  penultimate  molar 0096 

Established  on  jaws  of  many  individuals  and  a  nearly  complete  cra- 
nium. These  indicate  a  species  of  about  the  size  of  our  common  8ca- 
lops  aquaticus. 

Herpetotheeium  scalare,  Cope,  Synopsis,  Vert.  Col.,  1873,  p.  7. 

Eeadily  distinguished  by  the  increased  disparity  in  the  elevations  of 
the  anterior  and  posterior  portions  of  the  molar  teeth,  resembling  in 
this  respect  the  Emhassis  alternans.  It  is  a  considerably  larger  species 
than  the  latter,  and  exhibits  a  distinct  anterior  cusp,  of  moderate  eleva- 
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tion,  which  is  separated  from  the  median  external  by  a  deep  notch.  It 
is  entirely  on  the  inner  side,  and  sends  a  cingulum  to  the  external  base 
of  the  outer  median.  Fourth  molar  largest,  heel  narrowed,  with  three 
tubercles. 

Measurements. 

M. 

Lei) j^th  of  last  three  molars 00(]0 

L(>i)^tli  of  second  true  molar OO'iO 

Eleviitiou  of  sceoud  true  molar 0022 

EMBASSIS,  Cope. 

Synopsis  New  Vertobrata  Colorado,  1873,  p.  4. 

This  genus  was  instituted  to  receive  a  single  species  supposed  to  be 
allied  to  those  of  the  preceding  genus.  Its  prominent  character  con- 
sists in  the  development  of  the  anterior  three  cusps  at  the  ex|)ense  of 
the  posterior  two :  the  former  forming  a  trihedral  m.i^s,  to  which  the 
latter  form  but  a  basal  appendage,  in  the  typical  species,  the  last  in- 
ferior molar  exhibits  the  same  reduction  in  size  seen  in  Domnina^  and, 
as  I  tinil  that  a  second  species  agrees  with  it  in  all  imi>ortant  resi>ect8, 
characters  derived  from  it  induce  me  to  refer  Embassis  to  a  nearer  rela- 
tion with  that  genus  than  I  have  hcuetofore  indicated.  This  I  formerly 
described  as  Hcrpetothenum  marginale^  but  it  evidently  pertains  to  a 
distinct  genus,  characterized  by  the  presence  of  only  three  true  molars 
of  the  inferior  series.  These  present  the  general  characters  of  those  of 
Embassis  alternansj  and,  like  it,  dilier  from  those  o{ Domnina  gradaUi  in 
having  the  outer  posterior  cusp  a  cone  instead  of  a  crescent.  The  last 
])remolar  is  composed  of  two  conic  cusps,  the  inner  the  smaller,  and  sep- 
arated from  the  outer  by  a  deep  notch.  The  other  premolars  are  wanting 
in  the  specimen  ;  but  the  characters  observed  indicate  ailinity  with  the 
Sorieldw  rather  than  the  Talpida;,  and  probably  a  smaller  number  of 
teeth  than  in  Herpetotherium. 

E^iBASSis  ALTERNANS,  Copc,  Syuopsis,  Ycrt.  Colorado,  1873,  p.  7. 

Heel  of  molars  with  two  low  tubercles ;  the  last  tooth  smaller  than  the 
l)enultimate.    An  antero-external  cingulum. 

Measnremmits. 

M. 

Length  of  two  last  molars O.OO:^ 

Len^^th  of  third  molar 0020 

Elevation  of  third  molar 0018 

Embassis  marginalis.  Cope.    Herpetotherium  marginale^  Cope,  loc,  cit^ 
1873,  p.  C. 

Anterior  cusp  close-pressed  to  the  median  pair,  and  united  with 
them  above  the  base,  forming  a  triquetrous  mass  elevated  above  the 
heel.  The  cusps  of  the  heel  two,  more  than  usually  elevated,  and  acute. 
A  cingulum  descending  from  the  anterior  and  posterior  cusps  to  the  base 
of  tlie  median  on  the  outer  side.  Only  two  cusps  on  the  heel  of  the  last 
molar.    Cusps  of  the  last  premolar  acute,  smooth,  and  recurved. 

Tiiis  species  is  about  as  large  as  the  Damnina  gradata^  but  differs  from 
it  in  many  respects  besides  those  already  noted.  The  first  true  molar, 
though  larger  than  the  thiril,  is  not  so  much  so  as  in  the  D.  gradata;  the 
anterior  crescents  are  less  open,  the  heel  more  contracted,  &c. 


« 
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Measurements. 

LeDgth  of  last  three  molars 0.00r>2 

Length  of  third  true  molar - 00J4 

Elevation  of  third  true  molar OOIH 

Depth  of  ramus  at  third  true  molar 00*Ji5 

Two  specimens. 

DOMNmA,  Cope. 

Paleontological  Bulletin,  No.  10,  (August  20, 1873,)  p.  1.— Synopsis  Vertebrata  Colorado 

P*  4,  (1) ;  Miofhen,  Cope,  loc,  cit.j  pp.  4-8. 

Three  true  molars,  the  last  reduced  in  size;  first  molar  large,  with  the 
foramen  mentale  posterius  below  it,  and  a  small  alveolus  for  the  root  of 
a  premolar  iu  front  of  it.  In  front  of  this  a  considerable  alveolus-like 
cavity  rises  toward  the  border,  but  is  interrupted  by  fracture.  These 
characters  are  derived  from  the  specimen  of  2>,  gradata.  In  D.  crassige- 
nis^  the  last  molar  is  still  more  reduced.  In  none  of  the  species  is  the 
premolar  series  preserved. 

Portions  of  two  crania  already  mentioned  are  described  here  pro- 
visioually  and  without  final  refereuce.  The  form  is  narrower  across 
the  irontal  region  than  in  Herpetotherimn  fngax  and  plane  above.  The 
muzzle  is  abruptly  contracted  at  the  base,  and  maintains  a  narrow, 
compressed*  form  to  the  end ;  the  nasal  bones  are  convex  in  section, 
and  narrow  to  their  posterior  extremity.  There  are  three  preniaxil- 
lary  teeth  on  each  side,  the  anterior  of  which  is  enlarged  and  directed 
downward  and  a  little  forward ;  base  of  crown  an  anteroposterior  oval ; 
of  last,  round.  The  numbers  of  molars  and  premolars  is  probably 
3-3 ;  but  the  alveoli  of  the  last  true  molars  are  obscured,  so  as  to 
leave  some  slight  question  as  to  the  piresence  or  absence  of  a  fourth. 
The  first  *' premolar"  is  in  the  position  of  the  canine  of  Herpetotherium^ 
and  probably  represents  that  tooth,  as  there  is  no  caniuiform  tooth  in 
the  present  species.  It  is  two-rooted,  compressed,  and  with  triangular 
profile.  It  is  both  preceded  and  followed  by  a  short  diastema.  The 
other  premolars  are  two-rooted. 

Measurements, 

M. 

Length  of  premolar  series  of  No.  1 0.0054 

Length  to  M.  1  of  No.  1 0090 

WidthatP.  ra.  2ofNo.  1 0027 

D031NINA   GRADATA,  CopC,  loc,  cit,  p.  1. 

Crowns  of  the  molars  composed  of  two  rows  of  alternating  tubercles, 
with  an  odd  one  in  front.  The  inner  tubercles  are  much  the  more  ele- 
vated, and  form  the  apices  of  V's,  of  which  the  inner  commence  the 
limbs. 

Three  rows  of  acute  tubercles  on  the  inner,  two  on  the  outer  side  of 
each  dental  crown,  the  last  pair  of  the  last  crown  fused  into  a  heel ;  the 
middle  outer  and  anterior  inner  forming  together  a  notched,  sectorial 
yoke.  A  low  cingulum  on  outer,  none  on  inner  basis  of  tooth-crown ; 
enamel  smooth. 

Measurements. 

M. 

Length  of  basis  of  three  molars O.On.'f* 

Length  of  basis  of  first  molar (K)'i3 

Li'Ugt  h  of  basis  of  bust  molar 0015 

Depth  of  ramus  at  first  molar tK)*.>t> 

Width  of  first  molar 0015 
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As  compared  with  the  Herpetotlierium  fugax,  this  species  has  a  shal- 
lower mandibular  bone  and  a  larger  anterior  true  molar.  The  sectorial 
character  of  the  oblique  yoke  connecting  the  anterior  inner  and  outer 
tubercles  and  the  crescentic  character  of  the  posterior  outer  are  not 
nearly  so  well  marked  in  the  H,fuga;c, 

One  specimen. 

DoMNiNA  CRASSiGENis,  Copc.    Miothcn  cTomgeniSj  Synopsis  New  Ver- 
tebrata  Colorado,  p.  8. 

This  species  is  less  robust  than  the  last,  and  the  last  molar  still  more 
reduced.  The  cusps  of  the  latter,  though  not  well  pronounced  in  the 
specimens,  are  homologous  with  those  in  D,  gradata. 

Hepreseuted  by  two  imperfect  mandibular  rami,  with  the  posterior 
molars  preserved.  Last  molar  longitudinal  and diamonedshaped,  half 
the  size  of  the  penultimate.  The  latter  composed  of  two  exterior  cres- 
cents; the  cusps  of  the  inner  side  worn  down  in  both  specimens,  if  they 
have  existed.    Ramus  of  the  mandible  deep. 

Measurements. 

Length  of  lost  two  molars 0.0022 

Length  of  third  molar 001b 

Depth  of  ramus  at  third  uiolar 0030 

DoMNiNA    GRACILIS,  Cope.      Miothen   gracilCj  Cope,   Synopsis  Vert. 
Col.,  1873,  p.  8. 

This  species  is  quite  distinct  from  those  that  precede,  and  may,  in 
future,  require  the  use  of  the  generic  name  I  formerly  applied  to  it.  It 
is  represented  by  a  portion  of  a  mandibular  ramus,  which  is  of  slender 
proportions.  The  posterior  external  cusps  have  the  crescentic  form 
characteristic  of  this  genus. 

Last  molar  nearly  as  large  as  penultimate,  with  a  low  cusp  at  each 
extremity  and  an  emarginate  cross-crest  at  the  middle.  Penultimate 
molar  with  three  inner  cusps  and  two  outer  crescents.  Eamus  of  man- 
dible slender. 

Measuremetits. 

M. 

Length  of  last  two  molars O.OO*^ 

Length  of  penultimate  molar 0012 

Elevation  of  penultimate  molar 0009 

Depth  of  ramus  at  penultimate  molar 0021 

ISACIS,  Cope. 

Paleontological  Bulletin,  (August,  1873,)  No.  16,  p.  3.— Bulletin  U.  S.  Geol.  Survey 

Terrs.,  No.  1,  1874,  p.  23. 

This  genus  embraces  at  present  but  a  single  species,  which  is  known 
from  numerous  specimens  discovered  by  the  writer  in  the  Miocene  for- 
mation of  Colorado.  From  these  it  appears  that  Isacis  is  closely  allied 
to  the  Leptictis  and  Ictops  of  Leidy,  occupying  a  position  between  them 
in  the  system.  In  Leptictis  the  last  premolar  is  sectorial  in  form,  con- 
sisting of  a  single  compressed  longitudinal  crest,  without  internal  tu- 
berosity or  cusp.  In  Ictops^  the  last  premolar  exhibits  a  structure  similar 
to  that  of  the  first  true  molar,  viz,  two  exterior  cusj^s,  and  well  devel- 
oped third  on  their  inner  side,  thus  giving  a  horizontal  section  of  the 
tooth  a  subtriangular  form.  In  Isacis,  the  last  premolar  possesses  a  single 
acute  cusp,  as  in  Leptictis^  with  an  internal  cusp  or  heel,  homologous 
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with  that  in  Icfops.  Such  peculiarities  are  generally  regarded  as  tangi- 
ble definitions  of  generic  groups,  and  are  such  in  this  case,  although 
they  separate  species  which  have  considerable  resemblance  in  some  other 
respects  as  far  as  known. 

The  molars  of  the  superior  series  have  two  exterior  compressed  conic 
cusps  and  a  stout  subtriangular  internal  one.  Behind  the  latter  is  a 
strong  cingnlum,  supporting  a  rudimental  cusp  behind  and  within  the 
principal  one.  Inferiorly,  there  are  three  tubercular  molars,  of  which 
the  two  anterior  are  composed  of  two  elevated  cross-crests,  which  form 
partial  V's,  opening  to  the  inner  side.  The  sectorial  supports  three  an- 
terior conic  tubercles,  the  inner  and  outer  equal,  and  a  heel  with  a  conic 
tubercle  on  the  outer  side.  The  number  and  character  of  the  teeth  in 
front  of  this  one  are  unknown. 

Portions  of  the  cranium  preserved  present  general  characters  of  Lep' 
tictis.  There  is  a  strong  postgleuoid  process  giving  support  to  a  thin 
zygomatic  process.  Behind  the  base  of  the  latter,  the  squamosal  is 
pierced  by  three  large  foramina,  the  inferior  bounded  by  a  ridge  above 
and  one  below.  The  mastoid  and  paramastoid  processes  are  rudimental, 
and  the  occiput  is  transverse  and  bounded  by  a  well-marked  inion. 
The  petrous  bone  is  large,  and  there  is  space  for  a  large  bulla,  but  its 
existence  is  uncertain.  There  is  a  longitudinal  crest  directed  forward 
and  inward  in  advance  of  the  postglenoid  process,  which  Ls  probably 
in  line  with  the  external  pterj-goid  ala. 

The  cervical  vertebra;  are  short  and  transverse,  and  have  well-developed 
laterial  arterial  foramina  and  diapophyses.  The  centra  are  depressed 
to  a  considerable  degree,  and  are  without  hypapophyses.  The  neuml 
arches  are  narrow,  and  without  spines.  The  atlas  is  expanded,  and  has 
a  ver}^  short  diapophysis.  The  axis  has  a  solid  obtuse  processus  odon- 
taideus.  The  dorsal  vertebrae  are  smaller  than  the  cervical  in  transverse 
diameter  of  the  centrum,  which  somewhat  exceeds  the  length ;  the  articu- 
lar faces  are  nearly  plane.  The  intervertebral  foramina  are  quite  large,  and 
the  nan*ow  neurapophysis  is  almost  entirely  occupied  by  the  basis  of 
the  diapophyses.  These  are  well  developed,  obliquely  truncate  below 
at  the  end,  and  grooved  on  the  under  side  of  the  shaft.  The  neural 
spines  are  elevated,  narrow,  and  acute  in  front.  The  ribs  are  flat,  and 
the  capitular  and  articular  faces  are  well  developed. 

The  presternum  is  shaped  somewhat  like  the  sternum  of  a  bird.  It 
has  a  prominent  inferior  longitudinal  keel,  which  disappears  posterjprly, 
leaving  a  vertically  oval  face  of  articulation  for  the  second  sternal  seg- 
ment. The  superior  face  is  slightly  concave,  and  the  only  lateral  artic- 
ular faces  are  those  for  the  attachment  of  clavicles,  and  are  of  consider- 
able size.  The  borders  of  the  bone  are  but  little  contracted  behind 
them.  The  scapula  is  elongate,  and  has  an  elevated  crest,  descending  ab- 
ruptly near  the  glenoid  cavity.  Thelatter  is  an  elongate  oval,  the  border 
at  one  end  more  produced  than  at  the  other,  and  terminating  in  a  short 
hooked  eoracoid. 

The  humerus  has  a  protuberant  head  and  shaft,  and  condyles  much 
flattened.  The  head  is  nearly  180°  in  arc,  is  posteriorly  directed,  and 
of  compressed  form.  On  the  inner  side  is  a  depressed  tuberosity  for 
the  pectoralis  muscle,  while  opposite  to  it  the  large  deltoid  crest  rises 
as  high  as  the  head  i)arallel  to  it.  Distally,  the  condyles  are  continuous, 
nearly  concave,  and  supplemented  by  a  huge  inner  and  a  smaller  outer 
tuberosity.  There  is  no  supracondyloid  foramen,  but  a  strong  arterial 
loramen. 

The  cast  of  almost  the  entire  brain  is  preserved,  and,  as  the  parietal 
bones  are  wanting,  the  proportions  are  clearly  traceable.    The  olfactory 
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lobes  are  wanting,  bnt  were  clearly  attached  at  tlio  extremity  of  the 
hemispheres.  The  superior  face  of  the  hemispheres  and  ci^rebellum 
together  have  a  subqujidrate  ontliiie,  a  little  wider  than  long.  The 
cerebellum  is  completely  exposed  behind  the  hemispheres,  and  is 
strongly  angulate  at  its  upper  posterior  border  to  fit  the  inion.  The 
vermis  is  nearly  as  wide  as  each  lateral  lobe.  The  surface  of  the  hemis- 
pheres is  smooth,  and  the  sylvian  flissure  distinctly  indictated. 

In  determining  the  affinities  of  this  and  the  two  allied  genera  already 
liamed,  it  is  first  necessary  to  ascertain  the  homologies  of  the  euj?i)s  of  the 
molar  teeth.  Insectirora  and  some  genera  of  Marsupialia'tXYv  characterized 
by  the  presence  of  three  longitudinal  series  of  tubercles  on  the  molar  tet»th. 
With  the  exception  of  the  posterior  molars  of  some  Carnicora^  the 
arrangement  usual  among  Mammalia  is  in  two  longitudinal  series,  with 
frequently  but  two  in  eacli  row.  In  most  Liscctivora,  the  cusp  or  cusps 
of  the  median  seriesarethemost  prominent,  and  those  of  tlieouterseries 
sometimes  entirely  wanting.  Hence,  Mivart*  homologizesthemiddlepair 
with  those  of  the  external  series  of  the  other  Jia/??7wa/m,theinncr  withtho 
internal,  and  theouterareregardedasrepresentingcuspsof  a  basalcingu- 
lum.  Now,  in  the  Isacuhc^  (including  Lei)iktis  aud  Ittops,)  the  external 
cusps  very  are  largely  developed;  there  is  one  well  developed  niediau  and 
a  rudimental  internal  cusp.  Are  the  external  cusps  oul^y  cingular,  or 
homologous  with  those  that  occui)y  the  same  i)osition  in  other  Mammalia  ; 
and  what  are  their  relations  to  the  corresponding  ones  of  the  prc'iiolarst 

In  the  true  molars  of  the  opossum  and  tubercular  molars  of  the  dog, 
there  are  three  rows  of  tubercles.  In  both,  it  is  evident  that  the  two  of 
the  outer  series  correspond  with  the  outer  tubercles  of  the  teeth  which 
pi'ecede  them  in  the  jaw,  and  in  which  the  iinier  tubercles  are  reduced 
in  size  and  number.  This  is  notably  clear  in  comparison  with  the  sec- 
torial molar  of  the  dog.  It  might,  however,  be  asserted  that  the  vsingle 
outer  tubercle  of  the  last  premolar  in  Inacis  (and  7y/;/j/u?//«)  is  homologous 
with  that  of  the  middle  series  of  the  true  molars  instead  of  the  outer, 
and  some  color  is  given  to  this  view  from  the  internal  position  of 
the  last  premolar  in  Leptietis^  so  that  its  outer  cusps  range  with  the 
median  of  the  true  molars.  This  opinion  is,  however,  readily  corrected 
by  a  consideration  of  the  arrangement  in  Ictops  dakotensis^  t  where  the 
last  premolar  exhibits  both  the  median  and  internal  cusps,  vso  that  the 
homology  of  the  outer  pair  with  those  of  the  true  molars  is  assured. 

l\v  DidelphyH^  in  passing  to  the  anterior  molar,  where  the  three  series 
of  cusps  are  not  well  detined,  we  observe  that  it  is  the  middle  tubercles 
are  the  ones  which  disappear,  the  internal  remaining.  In  the  same  man- 
ner, in  tracing  the  series  of  forms  from  the  horse  to  the  tapir,  we  lind 
the  cusps  of  the  middle  series  disa])pear,  leaving  the  internal  and 
external  to  represent  those  of  the  original  quadritubercular  molar.  In 
letops  and  probably  Jsacis,  th(»  median  cusp  is  preserved  at  the  interval 
of  the  last  premolar.  The  case  is  quite  diU'erent  in  Talpa  an<l  ^ScalopSj 
where  it  is  evident  that,  as  we  advance  along  the  dental  series  forward, 
the  cus])s  of  the  outer  row  disaiqiear,  and  the  external  ones  remain- 
ing rcpn»sent  those  of  the  middle  series  of  the  true  molars.  As  already 
inclicated,  the  arrangement  in  llerpctotherium  is  as  in  Jmcis,  and  the 
l)reniolars  have,  therefore,  an  entirely  distinct  structure  from  that 
obs(»rvcd  in  tlie  Talpida\ 

From  the  above  considerations,  it  appears  that  the  external,  often  mi- 
nute, cusps  of  the  teeth  of  Insectirora  are  the  homologues  of  those  of 

•  StM'  liis  vahiiiblo  Memoir  ou  Ostt'oioj^y  ot  Iiiseetivora,  Jouni.  Anatomy  aud  Phybi- 
clo«:y,  vol.  ii,  p.  i:H. 
t  bee  Loitl>  's  Eivlinct  raiiiia  of  Dakota  ami  Nebraska,  i).  351,  PI.  xxvi,  Fig.  liO. 
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true  external  series,  and  do  not  represent  merely  a  cin^ulum.    Compar- 
isons of  the  molai*8  of  the  extinct  and  recent  forms  are  thus  facilitated. 

In  ChrysocJiloris  and  CetiteUs^  according  to  Mivart,  the  external  cusps 
are  wanting.  In  the  genera  in  which  they  are  present,  as  Tupaia^  Talpa^ 
Sorexj  &c.,  there  are  two  of  the  middle  series,  as  in  Herpetotherium,  and 
these  add  a  strong  internal  lobe  also.  In  Frina<*€us,  they  are  quadritu- 
berculate ;  but  which  pair  represents  the  median,  I  am  not  yet  sure.  The 
closest  approximation  is  made  by  the  genera  Fotamogale  and  Solenodorij 
the  former  African,  the  latter  West  Indian.  In  these,  the  external  cusps 
are  present;  there  is  but  one  well-developed  median,  and  in  the  latter 
the  internal  is  quite  reduced.  The  molars  of  Isacis  thus  resemble  most 
closely  those  of  Solenodmi^  (Brandt,)  but  the  external  cusps  are  more 
developed  than  in  that  genus.  If,  as  is  probable,  the  superior  molars  of 
IJrinaccKS  possess  only  the  outer  and  median  pairs  of  tubercles,  a  resem- 
blauce  between  the  two  may  be  traced :  the  existing  genus  differing  from 
Isacis  in  its  two  median  cusps.  The  single  one  of  Isacis  is  connected 
with  the  external  ones  by  oblique  ridges,  as  in  Erinaceus  ;  and  on  one  of 
these  is  a  rudimental  tubercle,  representing  the  second  median  cusp. 

In  the  lower  series,  the  form  of  the  true  molars  is  not  unlike  that  of 
several  diverse  recent  genera.  It  is  quite  unique  in  its  large  four  or  live 
cusped  last  premolar,  which  has  some  resemblance  to  a  niodilied  secto- 
rial. The  nearest  approach  to  it  which  I  can  discover  among  recent 
genera  is  the  Madagascar  Galeopithecus. 

In  respect  to  the  remainder  of  the  skeleton,  numerous  characters  dis- 
tinguish it  from  the  Centet id w  (which  includes  Soknodoii)  and  the  Fotam- 
ogalid(v.  Both  of  these  lack  the  zygoma,  which  is  present  iu  Isaeidcej 
and  have  the  nasals  co-ossified,  while  they  are  distinct  in  •».iese  Tertiary 
forms ;  Poiamogale  further  lacks  the  clavicle.  The  presence  of  the  zy- 
goma without  i)ostorbital  processes  is  a  point  of  resemblance  to  IJri- 
naceiis^  but  the  strongly-keeled  presternum  and  absence  of  cervical  neu- 
val  spines  are  found  elsewhere  in  the  Talpidw,  In  the  presence  of  the 
humeral  arterial  foramen,  it  again  differs  from  Erinaceus  and  resembles 
other  forms  of  the  order. 

Thus  the  atlinities  of  Isacis  are  quite  complex,  and  abundantly  indi- 
cate its  position  and  that  of  the  two  allied  genera  to  be  in  a  family  dis- 
tinct from  any  now  in  existence. 

Isacis  caniculus,  Cope,  loc.citat 

This  species  is  represented  by  portions  of  the  skeletons  of  six  indi- 
viduals. All  of  these  lack  the  anterior  teeth  of  both  jaws,  while  one 
includes  mandibular  teeth  with  vertebne,  ribs,  humerus,  scapula,  pre- 
sternum, a  large  part  of  the  cranium,  &c. 

The  basi-occipital  is  three-keeled  below,  and  the  petrous  bone  with  a 
longitudinal  concavity  below.  The  edges  of  the  outer  lobes  of  the  first 
superior  molar  are  acute.  There  is  no  external  cingulum,  but  the  diago- 
nal crest  from  the  median  cusp  i)asses  to  the  posterior  base  of  the  pos- 
terior outer.  There  is  a  short  but  strong  cingulum  on  the  posterior 
base  of  the  median  lobe,  which  terminates  in  a  small  internal  cusp.  The 
rudiiiienlal  anterior  middle  cusp  is  on  the  anterior  diagonal  ridge,  which 
does  not  reach  th<>  base  of  the  outer  anterior  cusp.  The  outer  cusp  of  the 
last  premolar  is  elongate  and  compressed ;  the  inner  cusp  is  small,  acute, 
and  opposite  the  posterior  margin  of  the  outer;  enamel  smooth.  The 
anterior  of  the  two  prisms  composing  the  inferior  true  molars  is  more  ele- 
vated than  the  posterior.  The  crests  of  each  form  a  V  with  the  obtuse 
a|)ex  outward,  and  the  anterior  limb  is  shorter  than  the  posterior.  The 
last  molar  is  a  little  smaller,  and  is  produced  behind  by  the  addition  of 
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a  small  median  lobe.  In  tlie  last  premolar,  the  conic  cusps  are  well 
separated,  and  the  inner  one  of  the  heel  is  iusiguificaut.  This  tooth 
appears  to  have  been  the  last  one  protruded ;  its  temporary  pi-edecessor 
is  distinguished  by  the  obtuseness  of  the  cusps,  especially  of  the  ante- 
rior one.  Mandibular  ramus  deep,  compressed,  without  iuferior  hook 
as  far  as  opposite  the  basis  of  the  corouoid  process. 

Measurements. 

Length  of  sectorial  and  two  tuberculars 0.0210 

Length  of  sectorial  alone 0045 

Width  of  sectorial 0020 

Width  of  first  tabercular 0030 

Length  of  first  tubercular 0032 

Depth  of  jaw  at  first  tubercular 0060 

Size  of  a  skunk. 

RODENTIA. 

Species  of  this  order  are  numerous  in  the  Tertiary  of  Colorado,  and 
the  individuals  were  more  abundant  than  those  of  any  other  type  of 
mammalia.  Hundreds  of  specimens  of  some  of  the  species  were  found, 
which  range  from  the  size  of  a  marmot  to  even  less  than  the  domestic 
mouse.    The  relationships  of  these  are  as  follows : 

MuridflB : 

EumySj  Leidy 1 

Sciurida): 

Sciurus^  Linn 1 

GymnoptychuSy  Cope 2 

Incertaj  aedis : 

HeliscomySy  Cope 1 

IschyroinySj  Leidy 1 

LeporidsB : 

Falccolagus,  Leidy 4 


10 
ECMYS,  Leidy. 
Mus  (Uumys)j  Leidy. 

The  single  species  embraced  in  this  genus  is  nearly  allied  in  dental 
and  the  known  portions  of  its  cranial  characters  to  those  of  the  existing 
genus  Mm.  The  only  distinctive  feature  which  I  can  discover  is  that 
the  supraorbital  ridges  rise  from  the  lachrymal  bones,  and  unite,  forming 
a  median  keel  between  the  orbits  as  in  the  Fiber.  Whether  it  is  found 
in  any  of  the  numerous  existing  s[)ecies  of  Mm^  I  cannot  state ;  but  the 
froutis  i)lane  and  the  superciliary  ridges  are  well  separated  in  Mus 
decumanus.  The  foramen  infraorbilale  anterius  is  much  as  in  Mus 
decuinanusj  being  large  and  continued  into  a  fissure  below.  The  denti- 
tion is  also  similar,  including  the  composition  of  the  molars.  These 
support  two  rows  of  obtuse  tubercles,  the  number  increasing  with  the 
size  of  the  teeth  from  behind  forward.    Formula:  I.,  j  ;  C,  g;  M.,  |. 

EuMYS  ELEGANS,  Lcidy,  Ext.  Fauna  Dakota  and  Nebraska,  p.  342,  PI. 
xxvi,  Figs.  12-13. 

This  species  is  exceedingly  abundant  in  the  Colorado  Miocene,  and 
many  specimens  were  obtained.  These  display  considerable  variation 
in  size  and  robustness ;  some,  perhaps  males,  having  the  muzzles  stouter 
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in  proportion  to  the  length  than  others;  some  more  decurved  than 
others. 

With  molar  teeth  as  large  as  those  of  the  Norway  rat,  the  muzzle  is 
not  more  than  two-thirds  as  long,  so  that  the  species  was  in  general  pro- 
portions smaller  and  more  robast. 

HEL1SCOMT8,  Cope. 

Synopsis  New  Vert.  Colorado,  1873,  p.  3. 

Char. gen. — ^Inferior  molars  four;  the  crowns  supporting  four  isolated 
cones  in  pairs.  This  genus  is  only  known  from  mandibular  rami.  These 
resemble  in  their  dental  structure  some  of  the  MuridcBj  but  the  number 
of  molars  is  more,  as  in  Sciuridce.  In  Myops,  Leidy,  of  the  Bridger 
Eocene,  the  dental  cusps  are  connected  by  cross-yokes. 

Heliscomys  vetus,  Cope,  loc.  citj  p.  4. 

Char,  specif, — First  molar  with  only  three  cones ;  all  the  molars  except 
the  first  with  a  broad  contiguous  cingulum  on  the  external  side.  Eamus 
rather  stout ;  incisor-teeth  very  slender,  elongate,  slightly  compressed, 
with  parallel  sides  and  convex  anterior  face. 

Measurements. 

M. 

Length  of  molar  series 0.0030 

Length  of  tbird  molar .0008 

Elevation  of  third  molar 0005 

Depth  of  ramus  at  third  molar 0023 

Length  of  ramus  to  end  of  molars .  0010 

The  least  mammal  of  the  fauna  to  which  it  pertains. 

SCIURUS,  Linn. 

SoiUEUS  REHCTUS,  Copc.    Paramys  relictus,  Cope,  Synopsis  New  VerL 
Colorado,  1873,  p.  3. 

This  species  is  established  on  two  left  mandibular  rami,  with  all  the 
t^eth  complete.  It  was  referred  to  the  genus  Paramys^  because  I  found 
no  diftereuce  between  the  corresponding  parts  in  the  respective  species ; 
but  as  the  characters  of  the  latter  are  chiefly  observable  in  the  maxil- 
lary teeth,  the  reference  was  not  final.  As  it  does  not  diflFer  in  any 
degree  from  corresponding  parts  of  the  existing  squirrels,  I  place  it  for 
the  present  in  the  same  genus  with  them,  as  the  safer  course. 

The  teeth  increase  regularly  in  size  from  the  front  backward.  The 
transverse  crests  are  marginal,  and  terminate  in  cusps  at  the  inner 
extremity,  which  are  separated  by  a  lower  acute  median  cusp.  A 
longitudinal  crest  connects  the  crests  just  within  their  outer  extremities; 
it  exhibits  a  loop  directed  outward.  A  low  ridge  passes  from  the 
I)08terior  outer  buttress,  just  in  front  of  the  i>osterior  margin,  in  the  last 
two  molars.    Anterior  cusps  of  first  molar  contiguous. 

3teasurements. 

M. 

Length  of  ramus  to  end  of  M.  4 0. 0120 

Length  of  molars 0088 

Length  of  third  molar 0015 

Width  of  third  molar 0018 

Depth  of  ramus  at  third  molar 0050 

Width  of  incisor 0015 

Size  that  of  the  chickaree,  {Sciums  hudsonitis.) 
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GYMXOPTYCHUS,  Coi>e. 

Paleoutological  Unlletin,  No.  16,  p.  6. 

This  genus  is  allied  to  the  squirrels,  (lififerinjj;  as  to  craniiil  c*liai*acters  iu 
the  struiiture  of  the  molar  teeth.  These  exhiliit  in  the  superior  series  two 
crescents  on  the  inner  side,  connected  by  transverse  yokes  with  two  cusps 
on  the  outer ;  in  the  lower  jaw  the  crescents  are  on  the  outer,  and  the  cusps 
on  the  inner  side.  The  yokels  are  separated  by  deej)  valleys  without 
cementuni,  wliich  do  not  wear  out  so  readily  as  iu  SrhiniH  and  marmots. 
It  ditlcrs  from  both  these^enera  in  its  two  wcllddined  cresccMits  in  both 
dental  8erit»s.  It  agrees  with  them  in  the  position  of  the  foramen  in- 
fraorbitale  antcriua^  which  is  small,  inferior,  and  situated  in  advance  of 
the  dental  series.  There  are  ibur  molars,  which  do  not  diiler  materially 
in  structure  iu  both  jaws.  Two  species  are  known,  u  larger  and  a 
smaller. 

GY3iN0PTYc:nus  trilopiius,  Cope,  Pal.  Bulletin,    Xo.  1(5,  p.  C.     O. 
nasufm^  Cope,  lov,  cit. 

Inferior  molars  with  two  cross-crests  and  two  cin/xula  from  the  ex- 
ternal cones;  each  posterior  crest  of  a  pair  terminating  in  an  interior 
cone.  The  inner  apices  of  the  crescents  unite  and  ^ive  orijLjin  to  a 
short  median  cross-crest.  First  molar  narrower;  the  anterior  ]Knl  of  a 
ranium  ])robai)ly  belonu:s  to  the  same  species.  Tlie  first  molar  has  a 
subround  crown,  with  four  tubercles;  the  second  is  constructed  like  the 
conx*s])oudin^  inlerior.  Muzzle  much  compressed;  lukial  bones  Hat, 
extending  to  beyond  above  incisors. 

^^eanurcmalts, 
No.  1. 

Lon;^tli  of  interior  tlire«  rnohirs 0.  (K)-15 

Lt.*ii;;ili  of  lii-st  molar i;()ir> 

Di.'iniistrr  of  inferior  incisor <HXW 

Depth  of  rannisat  second  molar U(KU5 

Leiif^tli  of  tliaslcnia  above dUSO 

WmIiU  of  a  pre-orbital  rej;ion 1)073 

Width  of  end  of  muz^ilo {'•{)o{) 

No.  2. 

LtMi^th  of  four  mohirs 0.  0070 

Length  of  second  molar 0017 

Width  of  weond  molar 00ir> 

Dej)th  of  ramns  at  wcrond  molar OO'm 

Width  of  lower  incisor (J<jl0 

Gymnoptvciius  :minutus,  Cope,  Pal.  Bull.,  Xo.  10,  p.  G. 

A  very  small  species.  Middle  pair  of  molars  with  the  anterior  and 
posterior  cross-crests  bifurcate,  and  a  short  median  cross-crest ;  only 
three*  cross-crests  on  the  fourth,  and  four  tubercles  on  the  first,  Kamus 
deep. 

Measurements, 

M. 

Lenjxth  <tf  inferior  molars 0.0040 

LiMi;ilh  of  second  molar OOIO 

Wiiitli  of  second  molar 0010 

Transverse  (lianieter  of  incisor 0008 

Depth  of  ramns  at  second  nudar 0030 

Scarcely  larger  than  the  house  mouse. 
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ISCllYKOMYS,  Leuly. 

Proceed.  Acad.  Nat.  Sci.  Pliilad.,  18o(>,  p.  89.— Extinct  Fanim  Dakota  and  Nebraska, 
335. — Colotojcin,  Cope,  Palcontological  Bulletin,  No.  15,  p.  1. 

Char,  gen. — The  essential  features  are,  dentition,  L,  j;  C,  g;  M.,  5.;  the 
molars  with  two  crescents  on  tbe  inner  side  above,  each  of  which 
jji ves  rise  to  a  cross-ridge  to  the  outer  inar^^in.  In  the  uiandibuhu*  series 
the  crests  and  crescents  have  a  reversed  relation.    !No  ceuientum. 

Dr.  Leidy  remarks  that  this  genus  belongs  to  the  family  of  the  Sciu- 
ridw.  This  is  indicated  by  the  dental  characters;  but  in  some  other 
respects  there  is  a  greater  divergt^nce  from  the  squirrels  and  marmots 
than  is  the  case  witli  the  preceding  genus,  Gymnoptychus.  Thus,  there 
is  a  large  foramen  infraorbifale  antcriuH^  which  occupies  the  elevat(»d 
l)osition  at  the  origin  of  the  zygomatic  arch  seen  in  the  Fiher^  the  porcu- 
pines, and  cavies.  There  is  no  superciliary  ridge  nor  postorbital  process 
as  in  most  SeiurldWj  but  the  front  is  contracted  between  the  orbits  in 
the  same  manner  as,  but  to  a  less  degree  than,  in  Fihcr^  and  the  Eocene 
PsetidofomuSj  Cope.  Both  the  last  named  and  Isvhyromys  present  many 
points  of  resemblance  to  Pomel's  tribe  of  ProtoviyidcVj  but  differ  from 
any  of  the  genera  he  has  included  in  it. 

ICHSYROMYS   TYPUS,  Leidy,  loc,  eif.      Colotaris  crifttatusy  Cope,  Pal. 
Bull.,  No.  15,  p.  1.    Gymnoptychiifichrysodonj  Cope,  loe.  ci7.,  No.  IG,  p.  5. 

First  ui)per  molar  a  simple  cone.  Incisors  quite  (compressed.  First 
inferior  molar  a  broad  oblong ;  the  cusps  oi>posite,  the  anterior  close  to- 
gether. The  two  posterior  cross-crests  do  not  form  a  V  ;  the  anterior 
being  interrupted  at  the  cusp.  There  is  a  delicate  tubercle  between  the 
outer  cusps  of  the  three  last  molars.  The  incisor  is  compressed  ;  tlie 
anterior  and  outer  faces  being  separated  by  an  angle. 

Measurements. 

Length  of  molars O.nMO 

I^nutli  of  peuiiltimato  molar W.VA 

Width  of  pcniiltimato  molar <Hl..;5 

AVidthnf  first  molar (HI3U 

Leu«;th  of  lirst  molar lrU35 

Depth  of  jaw  at  penultimate  molar ^^O'JO 

Dei»th  of  incisor-tooth OiMO 

Width  of  incisor-tooth m)20 

Tlui  skull  is  broad  and  stout  but  not  depressed ;  muzzle  broad  above, 
short ;  front  moderately  contracted  ;  no  postorbital  proc(»sses. 

Tins  species  varies  considerably  in  the  form  of  the  i)remolar  teeth, 
and  I  believe  the  above  names  refer  to  varieties,  not  to  si)ccies. 

PAL.EOLAGUS,  Leidy. 

Proceed.  Aeud.  Nat.  Sei.Philad.,  1850,  J).  89. — Extinct  Mamm.  Dakota  and  Nehraska.p. 

As  observed  by  Leidy,  this  genus  presents  the  same  number  of  teeth 
as  in  the  existing  rabbits,  viz,  I.,  f ;  C.,  g;  M.,  J;  and  that  the  difference 
consists  in  the  fact  that  the  first  molar  possesses  two  columns,  while  in 
Lcpus  there  are  three.  Having  collected  a  great  number  of  remains  of 
this  genus,  I  am  able  to  show  that  it  is  only  in  the  immature  state  of 
the  tirst  molar  that  it  exhibits  a  double  column,  and  that  in  the  fully 
adult  animal  it  consists  of  a  single  column  with  a  groove  on  its  external 
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face.  The  dentition  undergoes  other  still  more  important  changes  with 
progressing  age,  so  as  to  present  the  appearance  of  difference  of  species 
at  different  periods.  These  are  explained  under  the  head  of  the  P.  hatf- 
de^iii^  the  most  abundantly  represented  in  the  collections.  It  may  be 
mentioned  here  that  in  neither  P.  haydenii  nor  P.  turg^idus  is  there  any 
evidence  that  more  than  two  anterior  molars  are  preceded  by  decidu- 
ous teeth,  while  the  latter  are  present  in  many  specimens. 

Pal-eolagus  agapetilltjs,  Cope,  Paleontological  Bulletin,  No.  16,  p.  1. 

Established  on  a  mandibular  ramus  with  the  first  and  last  i)ermanent 
molars  just  protruding.  Size  the  least  in  the  genus,  not  exceeding  the 
P.  haydenii  in  the  milk-dentition,  but  more  robust  and  with  larger  in- 
cisor-tooth. Form  of  the  ramus  wedge-shaped,  contracted,  and  convex 
on  the  outer  side  forward.  Molars  all  composed  of  two  columns,  the 
anterior  the  more  elevated,  the  fore  portion  surrounded  by  its  distinct  en- 
amel sheath,  with  a  narrow  intervening  band  of  cementum.  Posterior 
molar  much  reduced  in  size ;  posterior  column  of  molars  with  a  median 
posterior  rib,  which  forms  a  loop  in  section.  Anterior  column  much 
more  elevated  than  posterior.  The  section  of  the  slender  incisor  is 
nearly  a  right-angled  spherical  triangle. 

Measurements. 

Length  of  molar  series 0.0100 

Length  of  i)euultimato  molar 0020 

Depth  at  penultimate  molar 0070 

Depth  at  first  molar 0050 

Transverse  thickness  at  first  molar 0037 

Paljeolagus  haydenh,  Leidy. 

The  earliest  dentition  of  this  species  known  to  me  is  the  presence  of 
the  two  deciduous  molars,  the  first  and  second  in  position,  before  the 
appearance  of  any  of  the  x)ermanent  series.  Each  of  these  has  two 
roots,  and  the  crown  is  composed  of  three  lobes.  In  the  first,  the  first 
lobe  is  a  simple  cusp ;  the  two  following  are  divided  into  two  cusps 
each ;  the  second  is  similar,  excepting  that  the  simple  cusp  is  at  the  pos- 
terior end  of  the  tooth.  The  grooves  separating  the  lobes  descend  into 
the  alveolus  on  the  outer  side,  but  stop  above  it  on  the  inner.  The 
measurements  at  this  stage  ar^ — 

Measurements, 

H. 

Length  of  two  milk-molars 0.0050 

Depib  of  ramus  at  No.  2 0042 

Depth  of  ramus  at  diastema 0032 

In  the  next  stage,  the  third  permanent  molar  is  projected,  and  has, 
like  the  second  deciduous,  a  x>osterior  simple  column,  whose  section 
forois  an  odd  cusp  or  lobe.  The  fourth  true  molar  then  follows,  also  with 
an  odd  fifth  lobe  behind.  This  lobed  Ibrui  of  the  molars  is  so  dififerent 
from  that  of  the  adult  as  to  have  led  me  to  describe  it  as  indicating 
peculiar  species  under  the  name  of  Tricium  avunculus  and  T.  annw. 

In  the  next  stage,  the  fifth  small  molar  appears  in  view,  and  the  second 
permanent  molar  lifts  its  milk- predecessor  out  of  the  way.  In  a  very 
short  time,  the  posterior,  or  odd,  columns  entirely  disapi>ear,  sinking  into 
the  shaft,  and  the  permaneut  molars  assume  the  form  characteristic  of 
the  species.  The  last  stage  prior  to  maturity  sees  the  first  milk-molar 
shed,  and  the  younger  x)ortion  of  the  first  permaneut  molar  protruded. 
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There  is  the  merest  trace  of  a  posterior  lobe  at  this  time,  and  that  speed- 
ily disapiiears.  The  anterior  lobe  is  subeonical,  and  is  entirely  sur 
rounded  with  enamel.  By  attrition,  the  two  lobes  are  speedily  joined  by 
an  isthmus,  and  for  a  time  the  tooth  presents  an  8-shaped  section,  which 
was  supposed  to  be  characteristic  of  the  genus.  Further  protrusion 
brings  to  the  surface  the  bottom  of  the  groove  of  the  inner  side  of  the 
shaft,  so  that  itB  section  remains  in  adult  age  something  like  a  B. 
Ths  measurements  of  a  medium  sited  adult  are — 

Measurements. 

Length  of  inferior  molar  series 0.012 

Length  from  M.  1  to  end  of  incisor 012 

Length  of  diastema 008 

Length  of  crown  of  M.  1 0029 

Eleyation  of  crown  of  M.  1  above  alveolus 0035 

Depth  at  M.l 0070 

Depth  atM.5 0085 

Lirerior  diameter  of  ramus  below  M.  1 0040 

Several  hundreds  of  specimens  of  this  species  were  observed. 

Pal^olagus  tukgidus,  Cope,  Pal.  Bull.,  No.  16,  p.  4.    Tricium  pa- 
nienscj  Cope,  loc.  cit,  p.  5. 

The  largest  species  of  the  genus.  Molars  with  two  simple  columns, 
the  first  and  fifth  grooved  on  the  outer  side  only;  the  interior  grooves 
of  the  others  weaker.  A  porous  enlargement  on  the  inner  inferior  part 
of  the  ramus  just  behind  the  symphysis.    Diastema  obtuse. 

Measurements, 

M. 

Length  of  molars 0.016 

Length  of  three  median  molars 010 

Depth  of  ramus  at  central  molars Oil 

Width  of  central  tooth 0035 

The  deciduous  molars  present  much  the  same  character  as  in  P.  Juxy- 
dentin  except  that  there  is  scarcely  a  trace  of  the  odd  posterior  tubercle 
on  the  second.  The  posterior  root  of  the  latter  extends  to  the  bottom 
of  the  alveolus.  The  grooves  of  crown  .do  not  descend  to  the  alveolus 
on  either  side.    Measurements  of  such  a  specimen  are — 

Measurements, 

Length  of  two  anterior  molars 0.0068 

Length  of  liret  molar 0032 

Width  of  first  molar - 0021 

Depth  of  ramus  at  first  molar 0085 

Depth  of  ramus  at  diastema 0061 

PALiEOLAGUS  TRIPLEX,  Copc,  Palcoutological  Bulletin,  No.  16,  p.  4. 

This  species  rests  on  characters  which  1  have  observed  to  be  tran- 
sitional in  the  P.  haydeniij  and  I  have  attended  to  the  possibility  of  the 
individual  which  has  furnished  them  being  a  similarly  immature  P.  tur- 
gidus.  In  a  considerable  number  of  specimens  of  the  latter,  no  approach 
to  the  present  one  is  exhibited ;  the  latter  is  a  fully-grown  animal,  and 
its  characters  would  remain  after  considerable  attrition  of  the  teeth  has 
been  reached ;  size  of  the  last ;  first  and  last  molars  deeply  grooved 
on  both  sides,  as  well  as  all  the  rest  ]  first  molar  with  a  trifolium-lobate 
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crown.    Median  three  molars  with  a  narrow  posterior  eohimn,  as  in  P. 
agitpciilluH.    Punctate  patch  on  inner  face  of  ramus  extensive. 

2l€a8urements. 

M. 

Leuj^th  of  molar  scries OIG 

Len}j;lli  of  median  three  molars 010 

Witltli  of  mediau  molar 003 

Depth  of  ramus  at  median  molar a Oil 

This  species  and  the  last  are  rather  larger  than  the  prairie-marmot, 
(Cynomys  ludvidanns.) 

PEKISSODACTYLA. 

SYMBORODON,  Cope. 

Paleoutological  Bnlletin,  No.  15,  p.  2,  (Angust  20, 1871^.)— Syoopsis  Vertebrata  Col- 
orado, 1H73,  p.  14. — Proceed.  Amer.  Assoc.  Adv.  Sci.,  Iti^,  p.  lU'J. 

A  genus  embracing  species,  so  far  as  known,  of  large  size,  allied  to 
TUanotherium^  Leidy,  and  belonging  to. the  same  family.  Its  alhnities 
are  indicated  by  the  following  description  : 

Dental  forniula:  I.,  •• ;  C,  |;  1*.  ni.  ^;  M.,  ^.  Teeth  reduced  in  size  an- 
teriorly ;  no  diastema  behind  the  canine.  Molars  consisting  of  two 
external  and  confluent  crescents,  and  one  or  two  internal  cones.  In  the 
larger  premolars, there  arc  two,  sometimes  confluent,  cones;  in  the  mo-  ■ 
lars,  the  ]>osterior  cone  is  sometimes  much  reduced,  especially  on  the 
third,  while  on  the  second  and  third  a  small  third  one  is  sometimes 
added  in  front.  The  mandibular  teeth  are  constructed  like  those  of 
Palwoiherium,  L  e.,  of  two  crescents  with  the  horns  directed  inward, 
the  middle  two  united,  and  the  third  molar  with  a  third  posterior  one. 
The  superior  incisors  are  very  small  and  with  obtuse  crowns,  and  are 
separated  by  a  median  interval;  the  inferior  canines  are  separated  by 
a  short  edentulous  space,  with  thin  alveolar  margin  openly  emarginat«. 

The  ci'anium  is  I'emarkably  elongate  in  proportion  to  its  width,  ex- 
cepting in  those  species  whei-e  the  zygomas  are  so  expanded  as  to  m<)dify 
the  proportions.  The  top  of  the  skull  is  flat  or  convex  in  transverse  direc- 
tion, and  the  well-separated  temporal  fossce  are  overhung  by  the  angular 
or  i)roduced  borders.  The  temi)oral  fossoe  ai'e  well  produced  posteriorly, 
in  iRome  species  remarkably  so,  and,  with  the  supraoccipital  border  or 
horizontal  crest,  inclose  a  deep  occi])ital  fossa.  The  interior  border  of 
the  fossa  is  continued  to  the  zygoma.  The  zygomatic  fossa  is  rather 
naiTow,  but  the  squamosal  process  is  sometimes  horizontally  expanded 
to  a  great  mass.  There  are  no  postorbital  processes,  and  in  all  the 
species  the  orbits  are  small.  The  foramen  infraorbitale  is  ver>*  large, 
and  is  a  simple  perforation  of  the  thin  wall  boundirjg  th(^  orbit  in  front. 
A  narrow  column  separates  it  from  the  orbit  exteriorly,  and  a  stouter 
onofrom  the  external  nasal  meatus.  The  latter  is  large  and  very  little 
incised  behind  the  premaxillary  border.  Hence  the  lore  portion  of  the 
nasal  bones  is  very  short.  The  lateral  walls,  anterior  to  the  orbits,  are 
directed  somewhat  anteriorly,  so  that,  viewed  from  the  front,  there  is  a 
considemble  border  on  each  side  of  the  n»isal  meatus,  bounded  by  a  lat- 
eral vertical  angle,  and  pierced  below  hy  thi' foramen  infraorbitale.  The 
borders  of  the  nasal  bones  are  thickened,  and  often  ridged  below.  The 
premaxillaries  are  small  and  fragile. 

The  max^illariea  rise  above  the  level  of  the  orbit  in  a  solid  support  for 


COPE. J  PALEONTOLOGY — MIOCENE  PERIOD.  481 

a  stout  horn-core,  which  is  principally  composed  of  a  production  of  the 
nasal  bone.  The  distance  to  which  these  supporting  elements  rise  dif- 
fers in  the  species.  The  horn-cores  are  a  striking  feature  of  the  genus, 
and  vary  in  shape  and  proportions  in  the  species.  In  one,  they  areru- 
dimen tal ;  in  others,  short  and  stout ;  in  another,  long,  slender,  and  curved. 
The  nature  of  their  investing  membrane  remains  unknown,  but  the  ex- 
tremities in  several  of  them  (S.  acevj  8»  bucco)  are  so  rugose  with 
coarse  exostoses  as  to  suggest  strongly  a  cartilaginous  or  corneous 
appendage  or  continuation  representing  the  deciduous  horn  of  the  deer. 
The  nasal  bones  are  co-ossified  in  most  of  the  species,  and  present  vari- 
ous forms  in  the  different  species.  In  all  the  specimens,  the  sutures  on 
the  upper  face  of  the  skull  are  obliterated,  so  that  it  is  difficult  to  deter- 
mine the  true  structure.  The  orbits  being  far  anterior  and  but  little 
behind  the  line  of  the  bases  of  the  horn-cores,  it  is  evident  that  the 
A'ontal  bones  are  produced  well  forward.  The  nasals  are,  however,  pro- 
duced broadly  between  the  anterior  portions  of  the  frontals. 

The  basioccipital  and  basisphenoid  are  narrowed  and  bounded  by  a 
large  conHweut  foramen  lacerumanteriusetposterUis.  The  petrous  bone 
is  small  and  deeply  set.  There  is  a  transverse  paramastoid  process, 
and  a  very  large  transverse  postglenoid  process.  The  mastoid  process 
is  thickened  and  recurved  so  as  to  be  nearly  in  contact  with  the  post- 
glenoid, and  to  inclose  the  external  auricular  meatus.  The  side-walls 
of  the  posteiior  na«al  meatus  are  prolonged,  and  form  an  abrupt  obtuse 
angle  i)osteriorly  where  the  border  rises  to  the  basisphenoid.  The  pyra^- 
midal  process  of  the  palatine,  the  pterygoid,  and  the  pterygoid  ala  of 
the  sphenoid,  which  compose  each,  are  closely  co-ossified.  The  external 
side  of  this  plate  is  deeply  longitudinally  grooved,  which  terminates 
posteriorly  in  a  foramen,  the  sphenoorbiUil.  The  posterior  base  of  the 
plate  is  longitudinally  perforated,  and  in  line  with  this  short  tube  is  a 
large  foramen  opposite  the  glenoid  cavity.  The  foratnen  ovale  is  prob- 
ably confluent  with  the/,  lacerum  anterius  as  in  Eobasileus  and  Rhino* 
cerus.  The  palate  is  incised  to  the  front  of  the  last  molar.  In  outline, 
it  is  quite  narrow  when  compared  with  the  large  molars ;  the  diameters 
of  the  two  being  about  equal. 

The  mandible  is  small  when  compared  with  the  cranium,  and  contracts 
rapidly  forward.  The  condyle  is  large  and  transverse,  and  the  coronoid 
process  small,  narrow,  and  close  to  the  condyle.  The  angular  region  is 
strongly  convex  both  backward  and  downward.  The  inferior  margin 
of  the  ramus  is  without  tuberosities,  and  the  symphysis  co-ossified, 
shallow,  and  oblique. 

The  cranial  chamber  is  elongate,  and  is  divided  into  three  departments 
for  corresponding  segments  of  the  brain.  The  posterior  is  elongate- 
oval,  for  the  reception  of  the  cerebellum.  It  is  separated  from  the 
median  division  by  a  thin  tentorium,  whose  union  with  the  superior 
walls  indicates  that  the  cerebral  hemispheres  did  not  overhang  the  cere- 
bellum. The  anterior  border  of  the  hemispheres  is  indicated  by  a 
thickened,  arch-like  contraction  of  the  lateral  and  superior  cranial  walls 
within,  and  is  situated  much  behind  the  orbits,  as  in  perissodactyles 
and  some  carnivora.  This  chamber  is  divided  longitudinally  by  a  thin 
falx,  and  each  posterior  lobe  is  again  divided  vertically  by  a  thin  osseous 
septum,  thus  accommodating  two  convolutions.  The  external  of  these 
is  supported  underneath  by  a  thin  septum  from  the  outer  wall.  The 
falx  divides  or  forks  at  its  anterior  extremity  into  two  vertical  laminse, 
which  continue  parallel  to  each  other  to  the  inner  bases  of  the  nasal 
horns.  They  are  here  continuous  with  the  external  wall,  forming  the 
posterior  boundary  of  the  anterior  narial  opening.     They  form   the 
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lateral  walls  of  the  long  nasal  fossa,  and  inclose  a  large  chamber  on 
each  side  with  the  lateral  cranial  walls.    This  sinus  appears  to  be  sepa- 
rated by  a  thin  osseous  septum  from  the  bniin-case  proper;  the  aeptum 
extending  from   above  obliquely  forward  and  downward,  altogether 
behind  the  arch-like  projection  of  the  frontal  bono  above  described.    As 
it  is  not  perforated,  it  gave  no  exit  for  the  olfactory  nerves.    I  cannot 
detect  the  proi)er  boundary  separating  the  hemispheres  from  the  olfac- 
tory lobes,  as  their  usual  position,  both  in  front  of  and  behind  the  frontal 
arch,  is  included  in  the  large  sinus  above  described.    The  nasal  fossa  is 
divided  by  the  usual  septum,  and  each  half  communicates  with  the 
large  fossc'e  above  mentioned  by  a  large  longitudinal  oval  foramen.    In 
one  specimen  of  i^ymhorodon  acer^  in  which  this  lateral  septum  is  almost 
entirely  preserved,  there  is  no  indication  of  attachment  of  turbinal 
bones,  but  the  surface  is  smooth.    On  these  and  the  median  septum,  the 
olfactory  nerve  was,  no  doubt,  distributed.    The  olfactory  lobes  were 
contracted  in  dimensions,  and  the  large  lateral  sinuses  in  front  of  them 
are  doubtless  the  frontal  sinuses  of  the  mammalian  skull.    Their  length 
is  double  that  of  the  brain-case,  and  they  extend  far  posterior  to  the 
orbits  and  above  and  behind  the  olfactory  lobes.    They  do  not  appear 
to  have  been  divided  by  septa,  excepting  a  small  one  springing  from  the 
outer  wall  near  the  posterior  fourth  in  i^.  acer^  and  near  the  same  place 
from  the  inner  wall  in  8.  tH{/onocera8.    This  huge  cavity  was  doubtless 
an  air-chamber,  which  gave  a  lightness  to  the  skull  not  otherwise 
attainable  consistently  with  its  great  length,  and  which  has  rendered 
the  use  of  the  nasal  horns  entirely  practicable.    They  explain  the  elonga- 
tion of  the  skull  in  the  Eocene  genera  Eohasileus  and  Uintaiheriumj 
and  prove  that  the  sinus  at  the  base  of  the  horns  of  the  middle  pair  is 
the  frontal  sinus  and  not  the  alveolus  of  the  canine  tooth,  as  supi>osed 
by  Marsh. 

The  cervical  vertebrje  in  all  the  species  are  concavo-convex,  and  much 
deeper  than  long ;  they  are  longer  than  in  IJohasileti^.  The  odontoid 
process  is  a  solid  cone ;  the  coracoid  x)rocess  is  a  tubercle  ;  there  is  no 
acromion ;  and  the  spine  of  the  scapula  rises  gradually  from  its  base. 
The  ilium  is  strongly  pedunculate. 

In  S.  huccOy  the  femur  has  a  third  trochanter,  and  is  relatively  longer 
than  in  BHiinoceriis.  There  is  a  fossa  for  the  round  ligament,  and  the 
condyles  are  expanded.  The  fibula  is  enlarged  distally,  and  is  distinct. 
The  phalanges,  including  the  ungueal,  are  very  short.  The  carpals 
interlock ;  and  the  ulna  is  much  reduced,  giving  the  cari)al  articulation 
to  the  radius. 

The  S.  acer  is  the  smallest  species  described,  and  has  the  longest 
horns.  Its  astragalus  resembles  that  of  Rhhwcerm.  having  a  deeply- 
grooved  trochlea  and  well-defined  head  and  neck.  The  cuboid  facet  is 
ratber  larger  than  in  that  genus,  but  is  considerably  smaller  than  the 
navicular,  and  extends  with  an  acuminate  outline  behind  it,  as  in  Uobor 
sUeus  ;  otherwise  it  has  no  resemblance  to  that  element  in  that  genus. 
The  metatarsals  have  much  the  form  of  those  of  Rhinoceru^. 

The  palate  is  deeply  incised,  as  in  Hhinocerus^  and  other  cranial  pecu- 
liarities resemble  those  of  that  genus.  In  no  case  are  any  traces  of 
inferior  incisors  present  in  the  numerous  under-jaws  at  my  disposal. 

In  estimating  the  ordinal  affinities  of  the  genus,  the  greater  number 
at  once  assign  it  to  the  Ferissodactyla.  The  teeth,*  the  incised  palate, 
the  distribution  of  the  cranial  foramina,  including  the  perforation  of  the 
pterygoid,  the  post  glenoid  and  paramastoid  processes,  are  all  characters 

*  See  the  Structure  and  Homologies  of  Molar  Teeth  of  Mamumlia,  by  E.  D.  Cope, 
Joum.  Acad.  Bci.,  Pliilad.,  1874. 
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of  that  order.  The  scapalar  aud  pelvic  arches  have  the  same  significance 
in  the  gradually-descending  spiiie  of  the  former  and  pedunculate  ilium 
of  the  latter.  The  limbs  testify  to  the  same  ettect,  and  in  the  third  trochan- 
ter of  the  femur,  (small,  it  is  true,)  the  digitigrade  hindfoot,  with  attend- 
ant modifications  of  the  structure  of  the  calcaneum  aud  astragalus. 
Its  only  indications  of  other  aflSnity  are  a  few  toward  the  EobaHilci(l<jc^ 
seen  in  the  enlarged  cuboid  facet  of  the  astragalus,  the  elongate  femur 
with  reduced  third  trochanter,  and  the  paired  horns  on  the  anterior  jiart 
of  the  cranium.  Tliey  present  no  special  marks  of  atliuity  to  the  artio- 
dactyles,  and  show  that  the  paired  horns  of  the  Uobasileidie  have  no 
significance  in  the  same  direction,  as  has  been  supposed  by  a  recent 
..  writer  on  this  group. 

As  compared  with  the  Ehinoceridce,  the  principal  distinctions  are  to 
be  observed  in  the  feet,  in  which  the  median  pair  of  toes  are  less  un- 
equal in  proportions.  The  cranium  is  still  more  abbreviated  in  front 
and  the  orbits  more  anterior,  while  the  bilateral  arrangement  of  horns 
belongs  exclusively  to  the  extinct.  The  structure  of  the  molar  teeth  is 
distinct,  but  not  widely  so,  and  represents  a  more  primitive  type,  aud 
one  approximating  the  bunodont  forms  of  ProboHcidia  and  ArtiodactyHay 
and  lower  types.  The  same  type  of  detention  is  displayeil  by  FalwsyopSj 
Leidy,  of  the  American  Eocene ;  Chaliootherium,*  Kaup,  of  the  Miocene 
of  Europe  and  Asia;  and  Titanotheriumj  Leidy,  of  the  American  Miocene. 
It  is  with  the  latter  genus  that  comparisons  must  now  be  made. 

Titanotkerium  proutiij  Leidy,  is  a  large  species,  originally  described 
by  Dr.  Hiram  Prout  in  the  American  Journal  of  Science  and  Arts  t  a«  a 
Palceotherium.  It  was  based  on  specimens  brought  by  Dr.  Prout  from 
the  Missouri.  Subsequently,  Messrs.  Owen,  Norwood,  and  Evans  named 
it  Palceotherium^  Proutii;i[  they  had  procured  other  matehal,  but 
based  their  name  on  Prout's  descriptions.  In  the  same  year,  Dr.  Leidy 
proposed  for  it  the  generic  name  litanothertum,^  without  generic  de- 
scription or  diagnosis.  In  his  work  on  The  Ancient  Fauu^  of  Nebraska,|| 
Dr.  Leidy  gave  a  full  specific  description  of  the  material  which  had 
been  obtained  up  to  that  time,  and  it  is  on  this  and  the  figures  accom- 
panying that  our  knowledge  of  Titanotkerium  as  a  genus  reposes.  In 
the  Journal  of  the  Philadelphia  Academy ,1]  1869,  Dr.  Leidy  had  de- 
scribed additional  remains,  chiefly  cranial,  some  of  w^hich  belong  to  dif- 
ferent species,  and  perhaps  some  of  it  to  those  of  tho  present  allied 
genus. 

Doctor  Leidy  gives  the  dental  formula  of  Titanotherium,  as  I.,  2 ;  C, 
1;  P.  ni.,  4;  M.,  3,  for  the  maxillary  series,  and  adds:**  *' Fragments  of 
lower  jaws  exhibit  the  same  number  of  molar  and  canine  teeth,  and 
probably  there  existed  also  the  same  number  of  incisors  as  in  the 
upper  jaw.''  In  the  museum  of  the  Academy  of  Natural  Sciences,  one 
of  Dr.  Prout's  original  specimens,  as  indicated  by  the  label  and  the  one 
first  figured  by  Dr.  Leidy,  is  preserved,  but  it  furnishes  no  evidence  as 
to  the  number  of  premolars.  Associated  with  it  in  the  collection  is  a 
mandibular  symphysis, tt  marked  as  being  one  of  Dr.  Owen's  original 
specimens.  These  two  are  i^eculiar  in  their  iron-rust  color,  so  different 
from  that  always  characterizing  the  fossils  of  the  White  Eiver  epoch 

*Proi(«8or  GiU  has  created  a  family,  Chalicothcrifdw,  for  this  geuus. 

t  II,  iWa,  li§.  1,  184G ;  III,  248,  fignres,  1847. 

t  Proceofl.  Acad.  Nat.  Sciences,  1850, 6(5. 

$  Proceed.  Acad.  Nat.  Sciences,  1850,  122. 

II  Smithsonian  Contrib.  to  Knowledge,  vol.  VI. 

ii  Extinct  Fauna  Dakota  aud  Nebraska,  1869,  p.  206. 

*  •  Page  207. 

tt  Described  by  Leidy  in  his  Fauua  Dakota  and  Nebraska!  p.  214. 


484       GEOLOGICAL  8UBVEY  OF  THE  TERRITORIES. 

both  in  Dakota  and  Colorado,  and  it  is  a  point  worth  investigatin«^ 
whether  they  were  i-eiiUy  derived  from  beds  of  that  horizon.  The  su- 
perior size  and  the  color  and  mineral  character  of  these  specimens 
refer  them  qh  i)robably  parts  of  the  same  species  at  least.  The  sym- 
physis contains  the  alveoli  for,  and  basal  portions  of  roots  of,  one  pre- 
molai*,  (with  two  roots,)  one  canine,  and  two  incisors,  on  each  side.  The 
incisors  were  evidently  well  developed,  and  indicate  in  the  clearest 
manner  that  TUatwtherium  and  Symborodon  are  distinct  genera.  With 
a  considerable  number  of  mandibles  at  my  disposal,  I  have  failed  to  find 
any  trace  of  inferior  incisors  in  the  latter  genus ;  and  if  they  were  pr^ 
sent  at  any  time,  it  must  have  been  only  during  early  youth,  and  as  a 
part  of  the  deciduous  dentition. 

Prof.  O.  C.  Marsh  has  recently  ♦  described,  under  the  name  of  Bronto- 
therium^n  species  allied  to  Titnnotheriumproutiij  in  which  the  mandibular 
dentition  is  stated  to  bel.,  2;  C,  1;  P.  m.,3;  M.,3.  Ifthe  mandibular  frag- 
ment described  by  Professor  Leidy  as  presenting  four  premolars  belongs 
tnily  to  the  T.  prontiij  then  the  form  described  by  Professor  Marsh  will 
occupy  a  position  between  it  and  Symborodon.  Finally,  Dr.  Leidy  de- 
scribed the  horned  snout  of  a  species  of  this  group  under  the  name  of 
Megacerops  coloradevshA  The  specimen  differs  in  various  respects 
from  any  species  observed  by  mo  in  Northern  Colorado.  It  was  derived 
tirom  a  locality  remote  from  that  which  contains  the  Symboroda^  from 
a  bed  of  coarse  sandstone  entirely  different  in  mineral  characters  from 
the  argillocalcareous  beds  from  which  the  fossils  described  in  this  re- 
port were  obtained.  In  the  absence  of  knowledge  as  to  the  dental  char- 
acters of  this  animal,  and  the  consequent  uncertainty  as  to  which  of 
the  three  genera  above  named  it  belongs  to,  I  leave  it  for  the  present. 

Six  well-defined  species  of  the  genus  are  known  to  the  writer,  which 
vary  in  dimensions  from  that  of  the  Indian  rhinoceros  to  nearly  the 
size  of  the  elephant.  They  may  be  readily  recognized  by  the  following 
characters;  the  most  important  of  which  is  the  basal  cingulum  of  the 
premolars : 

Ai  Horn  above  the  preorbital  region : 

I.  Premolars  without  inner  basal  cingulum : 

a.  Nasal  surface  continuous  with  front : 

Horn-cores  large,  compressed;  zygomata  enormously  ex- 
panded ;  cranium  depressed. — 8.  htLcco. 

Horn-cores  large ;  zygomata  not  expanded ;  cranium  rather 
elevated ;  nasals  very  short. — 8,  altiroBtris. 

Horn-cores  mere  tubercles;  nasals  not  shortened. — 8.helO' 

II.  Premolars   unknown ;  nasal  plane  sloping  downward  from  a 
roof-shaped  angle  with  the  frontals: 

Horn-cores  very  elongate,  subcylindric,  curved,  partly  com- 
posed of  maxillary  boiies  at  base. — F.  ojcer. 

III.  Premolars  with  a  strong  internal  basal  cingulum : 

Horn-cores  short,  very  stout,  and  subtriangular  in  section ; 
nasal  bones  more  elongate. — 8.  trigonoceras. 

Horn-cores  small,  compressed,  followed  by  a  tuberosity 
on  the  frontal  bone. — 8.  hypoceras. 
AA.  Horn-cores  above  the  orbit : 

Premolars  with  internal  cingulum ;  horn-cores  stout,  com- 
pressed ;  nasals  longer. — 8.  aphryas. 

*  Ainer.  Jouru.  Sci.  Arts,  1873,  p.  4r^. 

t  Report  (4to)  ou  Geol.  Survey  Torritorics,  p.  239,  pi.  I,  iigs.  2, 3,  and  XI,  fig.  3. 
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It  is  probable  that  both  sexes  of  these  species  are  horned.  This  lA 
the  case  with  all  of  the  crania  which  I  obtained  in  which  the  nasal  region 
is  not  wanting,  and  doubtless  many  of  these  are  females.  The  only  one 
which  I  obtained  with  redaced  horns  is  one  of  the  largest  size,  (8.  helo- 
ceraSj)  and  does  not  probably  represent  the  only  female  of  the  collection. 

The  general  appearance  of  these  species  when  living  must  have  com- 
bined features  of  the  rhinoceros  and  elephant  in  almost  equal  propor- 
tions. The  length  of  the  femar  indicates  that  the  first  joint  of 
the  leg  was  free  from  the  abdominal  integument,  and  that  some  of 
the  species  stood  higher  on  the  legs  than  the  rhinoceros.  There  » 
indication  of  a  trunk,  probably  a  short  one,  since  the  neck  is  not 
so  remarkably  shortened  as  to  render  this  organ  absolutely  neces- 
sary. The  indications  are :  the  massive  borders  of  the  nasal  meatas 
<separated  laterally  from  the  face  by  a  vertical,  obtuse  angle;  the 
great  stoutness  and  shortness  of  the  free  end  of  the  nasals,  which  much 
resemble  the  same  region  in  the  elephant ;  and  the  reduction  of  the  pre- 
maxillary  region  and  its  teeth.  It  is  altogether  probable  that  it  hacl  no 
great  length,  resembling,  perhaps,  that  of  the  tapir.  These  views  are 
in  accordance  with  those  already  expressed  by  Professor  Marsh  in  his 
description  of  Brontotherium  ingens.*  Professor  Leidy  had  previously 
inferred  a  short  proboscis  for  the  Megacerataps  cohradoenesis.  As  com  • 
pared  with  the  Eohasileidce  of  the  Eocene,  their  appearance  must  have 
been  less  exceptional.  The  proboscidian  foot,  with  short  neck,  reproduced 
the  elephant;  while  the  narrow  hea<],  with  the  posteriori}'  plhced  horns, 
and  the  very  elongate  muzzle,  gave  these  a  more  suilline  expression 
than  the  symborodons.  The  powerful  horns,  admirably  situated  fer 
effective  use,  did  not  avail  to  secure  their  survival  beyond  the  Miocene 
period  more  surely  than  did  the  laniary  tusks  of  the  Eobasileidw  in 
conquering  for  them  a  place  in  the  ages  that  succeeded  the  Eocene.  As 
the  most  powerful  of  the  Ungulnta  of  the  Miocene,  they  were  the  legiti- 
mate successors  of  the  EohasileidWy  of  the  Eocene,  as  these  were  of 
the  great  land-saurians  of  the  Cretaceous.  A  few  mastodons  and 
elephants  contested  with  them  the  supremacy  of  the  Miocene,  and 
held  it  without  rivals  in  the  Pliocene;  but  why  the  less  formidable 
rhinoceros  should  have  continued  with  them,  while  the  Symbarodotis  dis- 
appeared, is  a  problem  whose  solution  cannot  yet  be  conceived. 

The  material  on  which  the  above  determinations  and  deductions  are 
based  is  abundant.  The  expedition  obtained  portions  of  fifty  individuate, 
probably  referable  to  this  genus,  and  twenty-five  complete  or  fragment- 
ary crania.  Those  certainly  determined  belong  to  the  species  in  the 
following  proportion :  8.  hucco^  3 ;  8.  torvus^  2 ;  8.  altirostris^  2 ;  8.  accr^  3; 
8,  heloceras,  1 ;  8.  trigonoceras^  6 ;  8.  ophryas,  1.  Crania  of  8.  hucco  and  6'. 
acer  were  obtained  with  mandibles  associated ;  the  other  species  were 
not :  nevertheless,  it  is  probable  that  some  of  the  various  mandibles 
found  separately  pertain  to  the  most  abundant,  8.  irigonoceras. 

Symborodon  bucco,  Cope,  Synop.  New  Vert.  Col.,  1873, 10. 

The  largest  species  of  the  genus  approaching  nearly  the  living  ele- 
phant in  size.  Represented  by  an  imperfect  cranium ;  by  a  cranium 
almost  perfect,  including,  very  probably,  both  mandibular  rami,  with 
entire  dentition ;  a  fragmentary  skeleton,  including  parts  of  cranium^ 
teeth,  and  vertebne.  The  crania  are  very  depressed  in  form,  and  exhibit 
a  peculiarity  in  the  horizontal  expansion  of  the  malar  bones,  and  the 
still  greater  enlargement  of  the  z^^gomatic  processes  of  the  squainosaL 

*Amer.  Journ.  Sci.  Arts,  1874,  p.    . 
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These  form  two  horizontal  bony  masses  of  remarkable  size,  with  the  ex- 
terior border  convex  in  both  the  vertical  and  horizontal  planes.  The 
nasal  bones  are  Hat  and  trancate  wedge-shaped.  The  horns  are  sit- 
uated above  the  face  in  front  of  the  orbit,  and  are  expanded  in  one 
plane,  so  as  to  be  much  Hattened.  Their  length  is  moderate,  and  their 
direction  outward  and  forward.  There  are  slight  angulations  of  the 
frontal  and  zygomatic  margins,  which  form  slight  contractions  of  the 
zygomatic  orbital  fossa,  one  behind  the  orbit,  the  other  marking  the  an- 
terior four-tentlis  of  the  zygomatic  fossa.  The  orbits  are  small  and  hor- 
izontally oval,  and  the  temporal  fossfe  contracted.  The  latter  are 
greatly  extended  posteriorly,  and  are  bounded  by  an  ear-shaped  prolon- 
gation of  the  exterior  occipital  angular  ridge  to  beyond  the  line  of  the 
foramen  magnum.  The  plane  of  the  vertex  and  front  is  wide  and  unin- 
terrupted by  tuberosities,  but  forms  a  gently  concave  continuum.  The 
dentition  is  "g,  f ,  ^,  |.  The  anterior  teeth  are  all  small,  the  posterior  large. 
There  is  no  internal  cingidum  on  the  molars,  which  are  smooth  and  with 
low  iuterual  cones. 

MeciauremenU. 

M. 

Length  of  craDium,  (33  iuches) 0.840 

Width  of  crauiuin,  (25  inches) 636 

Leiigtli  of  nasal  bones  to  bases  of  horns 107 

Length  of  orbit — •-..-. .115 

Width  of  nabals 152 

Width  above  tirbit* 255 

Width,  least,  between  temitoral  fossce .170 

Widtli  of  mass  of  zygomatic  squamosal 140 

Width  between  temporal  fossoi  behind .331 

Tliishirge  quadruped  wasconsiderably  larger  than  the  Aacer,  Cope;  but 
the  horns  are  shorter,  and  of  an  entirely  different  form.  Its  orbits  are 
remarkably  small,  and  during  life  the  eyes  were  directed  more  or  less 
Qblitiuely  upward.  The  broad,  flat,  wedge-shaped  head  is  not  unlike 
that  of  snappiug-tortoise  (Chelydra)  in  its  physiognomy. 

I  append  here  a  description  of  the  mandible,  on  which  the  species 
Symhorodon  torvus  was  established.  I  am  not  able  at  present  to  refer  it 
to  its  proper  cranium,  but  hope  soon  to  have  that  opportunity.  It  nearly 
resembles  that  of  Symhorodon  hucco.  Dentition;  I.,  (!)  0;  O.,  1  j  P.  m., 
3 ;  M.,  3 ;  the  canines  slightly  separated  from  each  other,  but  not  from 
the  first  premolar;  crowns  of  the  premolars  with  L-shaped  crescents, 
as  iu  Bhinocerus;  of  the  molars  with  completed  crescents ;  the  last  molar 
with  third  posterior  crescent;  symphysis  mandibuli  co-ossified;  crowns 
of  canines  not  projecting,  conic.  Symphysis  oblique ;  ramus  rather 
shallow.  Last  molar  with  three  columnar  ribs  on  the  outer  side,  four  on 
the  inner,  produced  by  the  continuance  inward  of  the  ridges  from  the 
anterior  and  posterior  outer  cusps.  Enamel  nearly  smooth ;  acingulum 
round  inner  basis  of  crown  of  canine. 

Measurements. 

H. 

Length  of  mandibular  ramus 0.520 

Louj;lli  of  symphysis .144 

Leii;;th  of  (series  of  mohirs .320 

Leijgt  h  of  series  of  true  mohirs .i215 

Len;;t  h  of  hist  molar .088 

Lenti;tli  of  penultimate  molar .072 


SY3inoKODON  ALTiROSTiiis,  Copc,  Svnop.  Xcw  Ycrt.  Col.,  1873,  12. 
A  large  species  represented  especially  by  a  nearly  perfect  cranium, 
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and  probably  by  several  others,  some  of  which  are  nearly  perfect.  The 
mazzle  is  shorter  than  in  any  other,  and  the  orbit  more  anterior.  The 
premaxillary  and  nasal  bones  are  shortened ;  the  latter  broad,  obtuse, 
and  massive,  and  standing  on  a  plane  above  that  of  the  front.  The  ver- 
tex  and  front  do  not  form  a  continuoas  concavity,  as  in  other  species, 
bnt  are  divided  equally  by  a  tuberosity  on  each  side ;  posterior  to  these 
the  vertex  is  flat  and  rather  wide,  while  the  front  anterior  to  them  is 
roof-shaped.  The  temporal  fossre  do  not  project  so  far  behind  the  occi- 
))ital  union  as  in  some  species,  and  the  squamosal  bone  is  not  remarkably 
expanded  laterally.  There  is  a  small  x)ostorbital  angle.  The  front 
rises  much  to  the  basis  of  the  horns.  Each  of  these  stands  above  the 
orbit  and  face  at  the  base,  and  one-third  of  each  over  orbit ;  face  and 
nasal  bones  above  the  latter.  They  are  straight,  with  approximated 
bases,  and  but  moderately  divergent.  They  are  subcylindrical  at  base, 
and  compressed  inward  and  forward  at  the  narrow  apex.  The  maxillary 
rises  on  the  base,  forming  a  squamosal  suture  on  the  anterior  and  lat- 
eral aspect,  opposite  the  nasal  meatus,  and  below  the  nasal  bones. 

The  first  premolar  and  two  incisors  are  very  insignificant ;  canines  with 
short,  stout  crown.  The  premolars  have  no  inner  cingulum,  but  two 
smooth  cones.  The  molars  have  only  two  inner  cones,  vhich  converge 
toward  the  crescents.  The  latter  do  not  give  origin  to  any  transverse 
crests. 

ifeasurements. 

M. 

Length  of  craniom,  (25|  inches). > 0.649 

Length  of  crowns  of  teeth  from  canine 444 

Length  of  true  molars .240 

Length  of  last  molar .083 

Width  of  last  molar 084 

Width  of  first  premolar 035 

Length  of  first  premolar 026 

Length  of  orbit 090 

Least  width  of  parietal  plane 235 

Length  of  nasals  from  horns .045 

Width  of  nasals  at  horns .152 

Length  of  horn-core  above  orbit,  (9  inches) 229 

Length  of  horn-core  above  nasal  bones 140 

This  is  one  of  the  most  formidably-armed  species,  and  must  have  pre- 
sented a  most  outrS  appearance  in  life,  owing  to  the  extreme  shortness 
and  elevation  of  the  muzzle  and  anterior  position  of  the  orbit.  Tho 
general  form  of  the  cranium  reminds  one  of  a  pack-saddle  without  the 
hiud  cross-trees. 

I  owe  the  discovery  of  the  beautiful  cranium,  which  represents  the 
species,  to  the  acuteness  of  my  assistant,  William  G.  Shedd. 

• 

Syimborodon  helocebas.  Cope,  Proceed.  Amer.  Assoc.  Adv.  Sci.,  1873, 
109 ;  Synop.  New  Vert.  Col.,  1873,  p.  14.  Megaceratops  heloceras.  Cope, 
Pal.  Bull.  No.  15,  p.  4. 

Free  portion  of  nasal  bones  as  broad  as  long.  Horn-cores  mere  tuber- 
osities, with  one  flat  outer,  and  one  very  convex,  face  presenting  in  the 
other  directions;  summit  contracted,  truncate,  oval  in  outliue.  A  dis- 
tinct superciliary  ridge.  The  upper  surface  of  the  cranium  rather  nar- 
row, gently  concave  longitudinally.  Molar  teeth  with  smooth  enamel ; 
the  crescents  not  displaying  the  T-shaped  branches  seen  in  S.  ophryas. 
Zygomas  deep,  flat,  not  expanded. 
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Meastfrements. 

If. 

Length  from  posterior  rim  of  temporal  fossa  to  middle  of  osseous  eyebrow 0.472 

Least  width  of  parietal  plane 104 

Snperciliary  width .2n0 

Elevation  of  horn-core 050 

Length  of  free  nasal  bones 010 

Width  of  free  nasal  bones  at  base 010 

Symborodon  ACER,  Cope,  Proceed.  Amer.  Assoc.  Adv.  Sci.,  1873, 
101) ;  Svnop.  Xew  Vert.  Col.,  13.  Megaceratops  cuser^  Coi>e,  PaL 
Bui.,  1873,  No.  15,  4. 

Another  huge  mammal,  second  only  to  the  preceding  iii  size,  but  more 
formidably  armed,  was  its  contemporary.  It  is  represented  in  my  collec- 
tion chietiy  by  the  entire  upper  i>ortion  of  a  cranium ;  the  greater  part 
of  a  skeleton,  with  upper  part  of  cranium  and  lower  jaw  with  teeth  ; 
and  by  portions  of  skeleton,  with  horns,  of  a  third.  Top  of  head  con- 
cave longitudinally,  somewhat  convex  between  the  orbits,  and  flat, 
forming  a  narrow  plane  between  the  temporal  fossae ;  latter  produced 
backward.  Orbit  not  inclosed  behind;  an  overhanging  superciliary 
ridge.  Nasals  exceedingly  short  and  massive,  abruptly  decurved,  each 
supporting  a  large  acute  horn-core,  which  is  connected  with  its  fellow 
by  a  ridge  at  the  base,  and  diverges  widely  from  it,  Mjith  an  outward  and 
forward  curve  to  the  acutely -com  pressed  apex.  Each  horn-core  com- 
posed externally  of  the  ascending  portion  of  the  maxillary  bone  as 
high  as  some  distance  above  the  base  of  the  nasals.  Nasals  abruptly 
contracting  to  a  stout  subangular  apex.    Zygomatic  arch  deep. 

Mandibular  ramus  massive,  and  in  every  respect  stouter  than  in  8. 
bucco,  and  similarly  without  incisor-teeth. 

Measurements. 
No.  1. 

H. 

Length  of  cranium,  (35  inches) 0.695 

Lengt  h  from  posterior  rim  of  temporal  fossa  to  middle  of  superciliary  ridge 345 

Width  of  front  between  eyebrows .210. 

Length  of  horn-core  on  inner  side,  (10  inches) .254 

No.  2. 

Length  of  first  and  second  molars 135 

Width  of  second  inferior  molar 040 

Depth  of  ramus  at  second  inferior  molar 123 

This  was  a  truly  formidable  beast,  exhibiting  a  position  of  the  horns 
strangely  the  reverse  of  that  seen  during  the  present  period.  Its  size 
exceeded  that  of  the  Indian  rhinoceros. 

Symhorodon  trigonoceras,  Cope,  Synop.  New  Vert  Col.,  1873, 13. 
Brontotherium  trigonoceras^  Marsh,  Amer.  Nat,  1874,  p.    . 

A  species  similar  in  size  to  the  last,  but  presenting  peculiarities  not 
shared  by  any  other  species  of  the  genus.  The  first  of  these  is  the  strong 
basal  cingulum  on  the  inner  side  of  the  premolars,  which  is  continued  in 
a  less  prominent  form  between  the  bases  of  the  cones  of  the  molars.  The 
bases  of  the  cones  of  the  premolars  are  strongly  plicate.  The  horns  rise 
from  a  basis  which  is  anterior  to  the  orbit,  and  are  short  and  very  stoat 
They  are  triquetrous,  with  the  faces  interior,  posterior,  and  latere- 
anterior,  and  are  directed  outward  and  upward.  Their  extremities  are 
coars.'ly  rugose  and  subtriangular,  sending  an  apex  toward  the  middle 
line,  and  decurved  convex  outwardly.    The  vertex  and  front  are  a  con* 
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tinnons  gentle  concave  plane,  which  is  narrowed  behind  and  widened  in 
front  4o  support  the  bases  of  the  horns.  A  postorbital  process.  Orbit 
well  developed,  not  remarkably  anterior ;  nasals  elongate,  transversely 
plane,  decurved,  slightly  emarginate  at  end.  Premaxillary  i)rominent, 
with  distinct  spine,  and  extending  as  far  as  the  line  of  the  end  of  the 
nasals.  Squamosals  not  expanded.  First  premolar  small ;  canine 
narrow. 

MeasMrements. 

M. 

Total  length  of  cranium,  (27  inches) 0.G86 

Total  width,  inclnding  zygomajs 433 

Width  between  temporal  fossa)  at  iuion 102 

Width  in  front 247 

Width  of  orbit 102 

Length  of  horn  above  orbit 122 

Length  of  horn  above  nasals 045 

The  horns  of  this  species,  though  stout,  are  less  formidable  as  weap- 
ons than  those  of  some  of  the  others. 

At  one  locality  teeth  and  a  few  other  fragments  of  a  verj-  large  indi- 
vidual were  discovered,  and  a  few  feet  distant  a  series  of  cervical  and 
dorsal  vertebras  of  appropriate  size.  A  little  further  off,  in  an  opposite 
direction,  a  portion  of  the  skeleton  of  a  8.  bucco  was  found,  with  the 
characteristically  expanded  zygomatic  masses.  It  is  not  unlikely,  how- 
ever, that  the  vertebrse  really  belong  to  the  8.  trigonoceras.  They  indi- 
cate an  animal  of  huge  proportions,  and  present  a  marked  feature  in  the 
enormous  length  of  the  neural  spines  of  the  dorsals.  These  *  are  com- 
pressed at  the  end  and  enlarged  at  the  summit,  indicating  that  the  ani- 
mal supported  a  hump,  somewhat  as  in  the  bison. 

Measurements. 

Length  of  crown  of  fourth  npper  premolar 0.050 

Width  of  crown  of  foarth  upper  premolar 065 

Length  of  cervical  vertebra?,  (to  base  of  ball) 060 

Depth  of  articular  face  behind 1 14 

Width  of  articular  face  behind 110 

Diameter  of  cervical  canal Oi4 

Diameter  of  vertebral  canal 085 

Length  of  centrum  of  dorsal  to  baU « 065 

Depth  of  articular  face  behind 108 

Width  of  articular  face  behind Jll 

Depth  of  base  of  diapophysis 070 

A  peculiarity  of  the  dorsal  vertebrae  consists  in  the  presence  of  two 
tuberosities  at  the  base  of  the  articular  convexity,  resembliug  the  artic- 
ular facets  for  chevron-bones,  but  at  the  opposite  end  of  the  centrum. 

Beside  the  above,  six  more  or  less  complete  crania  were  found,  and 
two  others  without  horns  and  otherwise  mutilated,  so  ns  to  render  it 
uncertain  whether  they  do  not  belong  to  the  8,  ophryas.  These  exhibit 
some  range  in  size ;  one  of  them  presents  the  following — 

Measurements.  ^ 

Totallength  of  skull,  (30  inches) 0.762. 

Length  to  orbit ^ 172 

Length  to  posterior  base  of  horn 280 

Width  at  zygomas,  (17  inches) 432 

Height  of  honi  above  orbit 127 

Length  of  free  part  of  nasal  bones 127. 

Width  of  base  of  nasal  bones 133 

Width  of  horn  on  antero-exterior  face 120 

Width  between  temporal  fossffi  [MMteriorly -. 260 

Width  between  apices  of  boma,  (17  inches) , 4o2 
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Professor  Marsh  described*  a  species  allied  to  or  ideuticiil  with  this 
one,  uuder  the  name  of  Brontotherium  ingens.  It  was  based  on  a  crJuium 
which  has  so  great  a  resemblance  to  tliose  of  8.  trigonoceras  that  I  have 
regarded  it  as  pertaining  to  it,t  and  written  Professor  Marsh's  name  as 
a  S3^nonym,  as  it  was  published  several  months  later  than  mine.  Subse- 
qnently,{  Professor  Marsh  ]>ointed  out  a  number  of  characters  which  he 
finds  in  my  description  as  justifying  him  in  retaining  the  species  as  dis- 
tinct. He  states  that  it  is  '*  nearly  or  quite  twice  as  large  in  bulk.  The 
horn-cores  also  are  ver^'  differently  placed ;  the  nasals  are  more  elon- 
gated, and  not  emarginate  at  their  extremities;  the  premaxillaries  are 
not  prominent.  The  squamosals  are  greatly  expanded,  and  there  is  no 
postorbital  process."  Commencing  at  the  last  of  these  definitions,  I 
would  remark  that  (I)  the  postorbital  process  is  a  rudiment  in  one  of  the 
crania,  and  is  entirely  wanting  in  a  larger  one ;  (2)  the  squamosal  proc- 
esses of  the  zygomata  are  not  more  expanded  than  might  be  looked  for  in 
the  adult  male  of  S.  trigonocerasj  and  would  not  be  regarded  as  remark- 
able in  this  respect  by  one  who  has  seen  the  larger  expansions  of  the  8. 
Imcco  ;  (3)  thereisnodifferenceinthepremaxillaries,  which  aremoreprom- 
inent  than  such  species  as  8.  altirostris  ;  (4)  ^^  The  nasals  are  more  elon- 
gate and  not  emarginate  at  their  extremities;"  Professor  Marsh's  figure 
represents  the  nasals  quite  elongate  as  compared  with  other  species, 
and  exactly  as  in  some  of  my  specimens ;  the  emargination  is  slight  and 
is  not  always  present  in  8.  trigonoceras ;  (6)  there  is  no  difterence  in 
the  form  and  position  of  the  horn-cores ;  (6)  the  superior  size :  I  have 
no  cnmia  so  large  as  that  described  by  Professor  Marsh,  which  he  states 
to  be  O"'  .915  long  and  0™  .658  wide  through  the  zygomas,  with  horn-cores 
20  inches  apart  at  the  apices.  My  largest  measures  0°*  .702, 0*"  .432,  and  17 
inches,  respectively.  The  specimen  from  which  vertebra)  and  a  premolar 
tooth  were  described  above  approaches  nearer  in  dimensions;  thus,  the 
fourth  premolar  measures — 

S.  triganoeereu.    S.  ingena. 

Length  of  crown 0.050  0.053 

Width  of  crown 065  .069 

While  Still  under  the  impression  that  the  species  are  the  same,  I  defer 
final  conclusion  until  all  of  my  material  is  in  suitable  condition  for  study 

SY3IBORODON   OPHEYAS,  Copc;  Miobosileus  ophryas,  Cope,  Pal.  Bull., 
Ko.  15,  3;  Proc,  Amer.  Assoc.  Adv.  Sci.,  1873, 103. 

Established  on  a  cranium  with  nearly  comx)lete  dentition,  but  without 
mandibular  ramus.  Head  elongate,  concave  in  profile  from  the  interor- 
bital  region  to  the  supraoccipital  crest.  This  is  transverse  and  concave, 
the  posterior  borders  of  the  temporal  foss«6  extending  behind  it.  These 
fossa)  leave  a  narrow,  flat  vertex  between  them.  Zygomatic  arch  stout 
and  rather  deep ;  a  strong  postglenoid  process.  N"asal  bones  very  mas- 
sive; their  free  portion  elongate,  hornless.  A  massive  honi-core  rising 
from  above  each  orbit;  no  superciliary  angle  or  ridge.  Orbit  not  in- 
closed behind.  Of  molar  teeth  only  P.  m.  3-4,  M.  1-2-3,  preserved  ;  the 
M.  with  two,  the  P.  m.  with  one  inner  cone  and  two  outer  continuous  cres- 
cents. The  latter  send  inwards  to  one  side  of  the  cones  a  transverse 
ridge.  Incisors  and  canines  unknown.  The  malar  bone  is  flat' and  pro- 
portionally deep  below  the  orbit.  Front  concave  transversely  just  be- 
hind between  the  horns.  Latter  massive  and  a  little  compressed.  Kasal 
bones  convex  longitudinally  and  transversely,  slightly  rugose.      Trans- 

*Ainer.  Joum.  Sci.  Arts,  1874,  Jan.,  p.  85. 

t  Hullctiu  of  U.  8.  Geolopfical  Survey  of  Terrs.,  No.  2,  p.  28. 

X  American  Naturalist,  Feb.,  1874,  p.  84. 
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verse  ridges  of  teeth  T^itli  transverse  expansions  at  their  inner  ex- 
tremitVy  being  thus  T-shaped. 

Measurements, 

Length  from  apex  of  nasals  to  occipital  condyles,  (axial,  26.5  inches) 0.6G4 

Length  from  occipital  condyle  to  fundus  of  palate 376 

Length  from  occipital  condyles  to  end  of  palatine  lamina  pterygoidea 270 

Length  of  foni;  last  molars 242 

Length  of  three  last  molars 195 

Length  of  last  molar 068 

Width  of  palate  at  narial  notch 116 

The  dental  characters  of  this  species  ally  it  to  the  S.  trigonoceras,  but 
the  form  as  well  as  the  position  of  the  horns  is  quite  different.  Instead 
of  being  triangular,  a  section  of  the  base  of  these  is  elliptic.  Extremity 
conical. 

Symboeodon  hypoceras,  Cope ;  Miobasileus  hypocerasj  Cope,  MS. 

This  species  reposes  on  a  fragmentary  cranium  only,  which  embraces 
nasal,  maxillary,  frontal,  malar  bones,  &c.,  both  zygomata,  premolar 
and  pait^  of  molar  teeth,  &c.  These  fragments  were  taken  out  of  the 
matrix  by  the  writer,  and  were  found  m  juxtaposition.  They  represent 
parts  of  the  same  skull,  and,  as  no  other  was  found  in  the  same  bank, 
are  probably  without  admixture. 

The  first  characteristic  of  this  species  is  the  elongate  form  of  the  face 
anterior  to  tbe  orbit  as  compared  with  other  species.  The  column  which 
separates  the  orbit  from  the  infraorbital  foramen  is  flat  and  has  a  wide 
external  face,  instead  of  being  a  cylindric  column  as  in  S.  acer,  altiros' 
triSj  hncco,  and  ophryas.  In  S.  trigonoceras  it  is  wider,  but,  instead  of 
being  flat,  presents  a  strong  vertical  ridge  of  the  lachrymal  bone.  The 
infraorbital  canal  is  hence  longer  than  in  those  species,  the  more  as  it 
does  not  communicate  with  the  orbit  at  as  anterior  a  i)ositiou.  Between 
this  point  and  the  preorbital  border,  the  orbit  is  strongly  concave.  From 
the  infraorbital  canal  to  the  narial  orifice,  the  face  is  flat,  and  the  border 
of  the  meatus  is  thin,  somewhat  as  in  Rhinocerus^  but  includes  a  narrow 
prolongation  of  the  large  sinus  common  to  this  genus.  The  premaxil- 
lary  bone  does  not  appear  to  enter  into  it.  It  is  evident  from  tbe  weak- 
ness of  this  support  that  there  could  have  been  no  horn  of  great  size 
or  strength  above  it,  and  the  character  of  the  horn-core  preserved  is 
consistent  with  this  view.  This  consists  of  the  extremital  part,  thus 
not  exhibiting  the  basal  sinuses.  Its  section  is  a  compressed  oval,  nar- 
rowed in  front ;  its  profile  with  parallel  outlines  and  a  little  recurved  and 
not  very  rugose.  Its  size  as  compared  with  the  rest  of  the  skull  is  the 
smallest  in  the  genus,  and  not  more  than  half  the  proportions  of  the  8. 
altirostris. 

A  bone  of  the  upper  cranial  walls  was  found  in  place  above  the  second 
and  third  premolars,  but  presents  some  puzzling  peculiarities  of  form. 
It  is  either  the  posterior  part  of  the  nasals  or  anterior  portion  of 
the  frontals,  and  a  short  decurved  border  is  either  that  of  tbe  nasal 
meatus  or  of  the  orbit.  The  left  maxillary  and  lachrymal  bones  are  the 
ones  preserved,  and  the  present  bone  probably  belongs  to  the  same  side, 
which  agrees  with  a  mark  I  placed  upon  it  when  1  exposed  it,  indicat- 
ing the  anterior  and  posterior  extremities.  There  can  therefore  be  little 
doubt  that  the  element  is  the  frontal.  The  reason  for  this  investigation 
is  the  fact  that  it  supports  on  its  anterior  extremity  a  large  os- 
seous tuberosity,  which  consists  of  a  mass  of  bone  co-ossified  with  the 


462       GEOLOGICAL  SURVEY  OF  THE  TERRITORIES. 

npper  surface,  as  in  the  horn  of  the  giraffe.  It  is  broken  off  at  the  an- 
tero-external  sutural  line  of  the  bone,  so  that  it  probably  extended  over 
the  adjacent  margin  of  the  maxillary.  It  resembles  in  form  the  short- 
horn cores  of  Symborodon  heloceras^  bat  is  not  as  in  that  species  an  au- 
togenous part  of  the  bone,  and  its  base  is  therefore  not  excavated  by 
the  anterior  part  of  the  frontal  sinuses.  Thus  it  is  probable  that  thfs 
species  possessed  two  pairs  of  osseous  processes  or  cores  on  each  side, 
the  one  on  the  nasal,  the  other  on  the  frontal  bone.  The  al)sence  of  in- 
terior sinus  shows  that  the  latter  is  not  homologous  with  the  horn-core 
of  the  typical  species  of  Symborodon,  while  the  structure  of  the  i)Ost- 
narial  walls  (composed  of  both  nasal  and  maxillary)  is  clear  as  to  the 
presence  of  those  sinuses.  The  horn-core  first  described  is  probably 
from  the  left  side  as  indicated  by  its  shape.  Their  existence  is  also  to 
be  inferred  from  a  fragment  which  resembles  the  base  of  the  usual 
horn-core  of  the  other  species,  especially  8.  triganoceras.  From  the  pre- 
ceding it  may  be  derived  that  this  species  possesses  either  two  pairs  of 
horn-cores,  of  which  the  posterior  are  on  the  frontal  bone,  or  that  it 
possesses  a  single  pair  on  the  frontal  bone  only.  As  the  former  is  much 
the  most  probable  supposition,  I  hesitate  to  separate  this  species  as  a 
genus  distinct  from  the  Miobasllens  ophryas,  which  it  resembles  in  many 
respects. 

A  portion  of  the  margin  of  the  frontal  bone  supports  an  angular  pro- 
jection, doubtless  postorbital.  The  malar  bone  has  an  extensive  surface 
of  attachment  with  the  maxillary.  Its  anterior  portion  bounding  the 
orbit  below  is  a  narrow  prominent  rib,  as  in  8.  trigonoceras,  and  difl'erent 
from  that  of  8.  ophryas.  The  zygomata  are  strong,  but  not  expanded  j 
they  resemble  those  of  8.  trigonoceras ;  but,  while  shorter  than  in  a 
specimen  of  the  latter,  the  squamosal  process  is  deeper.  A  portion  of 
the  nasal  bone  shows  that  they  were  short  and  light. 

There  are  teeth  or  alveoli  representing  four  premolars  and  three  true 
molars  as  well  as  a  canine.  In  a  right  premolar,  No.  2,  there  is  a  strong 
basal  cingulum,  from  which  coarse  plico)  extend  inward.  The  inner 
cones  are  confluent  into  a  curved  ridge,  which  is  connected  by  a  lower 
ridge  with  the  outer  crescents.  The  latter  are  entirely  confluent.  The 
canine  has  a  short  recurved  obtusely  conic  crown,  with  a  strong  cingu- 
lum round  its  posterior  base,  as  in  other  species  of  the  genus. 

Measurements. 

H. 

Length  from  front  of  orbit  to  glenoid  foAsa,  (axial) 0.365 

Depth  of  malar  below  orbit 020 

Depth  of  squamosal  process 082 

Length  of  molars  and  last  three  premolars 293 

Length  of  last  three  premolars 110 

Length  from  nasal  meatas  to  orbit 103 

Length  of  crown  of  second  premolar 029 

Width  of  crown  of  second  premolar 038 

Height  of  crown  of  canine 

Diameter  of  crown  at  base 

Depth  of  frontal  tuberosity 038 

Diameter  of  frontal  tuberosity 075 

Diameter  of  horn-core,  transverse .038 

Diameter  of  horn-core,  longitudinal 049 

Although  the  specimen  from  which  this  species  is  described  is  as  large 
as  the  smaller  of  the  8.  trigonoceras,  it  does  not  belong  to  an  old  animal^ 
as  the  cranial  sutures  are  distinct.  It  makes  one  more  addition  to  our 
Iknowledge  of  these  curious  forms,  whose  abundance  during  the  Miocene 
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period  reminds  oue  of  the  antelopes  of  tbc  present  period  in  Africa.  It 
is  so  distinct  from  the  typical  species  of  Symhorodon  as  to  render  it  not 
unlikely  that  it  will  be  proper  to  call  it  Mioba»ilem  hypoceras, 

HYKACODON,  Leidy. 

Hybaoodon  KEBBASGENSIS,  Leidy,  Ext.  Fauna  Dak.  and  Neb.,  p.  232. 

Abundant  in  Colorado  as  in  Dakota.  During  maturity,  the  first  infe- 
rior premolar  is  shed,  while  that  of  the  upper  jaw  is  retained,  leaving 
the  formula  f ,  ^. 

Hybacodon  abcedens.  Cope,  Paleont.  Bull.,  No.  15,  2. 

Established  primarily  on  a  specimen  which  includes  the  left  maxillary 
and  premaxillary  bones  with  the  teeth  as  far  posteriorly  as  the  fifth 
molar.  Some  of  these  were  not  fully  protruded,  and  the  third  premolar 
of  the  deciduous  dentition  was  attached,  the  removal  of  which  displayed 
the  crown  of  the  permanent  tooth.  The  species  is  about  the  size  of  the 
H,  nebrascensis,  and  difiters  in  the  form  of  the  inner  lobes  of  the  molaiB 
and  of  the  first  premolar.  All  the  molars  have  the  outer  longitudina,! 
and  inner  transverse  crests,  the  posterior  short,  the  anterior  much 
curved  backward  round  it,  and  thus  forming  the  inner  boundary  of  the 
tooth-wall.  The  first  premolar  is  shorter  than  the  others,  and  has  a 
short  anterior  lobe.  The  milk-molars  show  more  nearly  transverse  crests 
as  in  Rhinocerusj  but  the  first  premolar  had  the  anterior  lobe.  Canine 
and  first  incisor  short,  conic ;  second  incisor  with  an  outer  lobe ;  median 
incisor  transverse  ;  enamel  smooth. 

Measurements. 

M. 

Length  of  four  superior  molars 0.072 

Length  of  diastema 006 

Length  of  canine  and  InciHors OiJO 

Length  of  first  premolar 014 

Width  of  first  premolar 012 

Jjength  of  third  premolar 0121 

Width  of  third  premolar CQH 

Height  of  third  premolar 025 

ACERATHERIUM,  Kaup.  " 

At  least  three  species  of  this  genus  have  left  remains  in  the  White 
Eiver  beds  of  Colorado,  for  the  third,  which  I  formerly  referred  to  the 
preceding  genus,  may  find  a  more  appropriate  place  here.  They  are 
distinguished  as  follows : 

I.  Crowns  of  premolars  2-8-4  broader  than  long : 

{Smaller :  symphysis  mandibuli  much  shortened  and  contracted.*r 
A,  mite. 

Larger :  symphysis  elongate,  with  large  incisors. — A,  occidentale. 
IL  Crowns  of  premolars  2-3  as  long  as  or  longer  than  wide : 

Size  of  A.  occidentale  ;  P.  m.,  2,  subcuneiform. — A.  quadriplicatum, 

ACERATHERIUM  MITE,  CopO. 

This  species  is  intermediate  between  the  A.  occidentale  and  Hyracodon 
nebrascensisj  not  only  in  size,  but  in  its  short  concave  diastema,  and 
short,  contracted  symphyseal  region.  There  are  two  large  external 
incisors,  which  are  not  only  absolutely  but  relatively  much  smaller 
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than  in  the  A,  occidentale.  If  any  median  incisors  exist,  they  must  be 
small,  as  the  narrow  fracture-surface  below  the  original  alveolar  border 
exhibits  no  trace  of  alveoli.  '  The  mandibular  teeth  are  rather  elongate, 
the  first  having  two  roots.  The  ramus  has  not  the  incurvature  to  the 
diastema  seen  in  H.  nebrascenmSj  and  is  relatively  not  so  deep,  and  more 
robust  below  the  last  molar  than  in  that  species. 

Associated  with  this  mandibular  ramus,  I  found  the  large  part  of  the 
skeleton  of  the  same  animal  and  the  superior  molar  dentition  of  two 
individuals  of  the  same  size.  The  teeth  resemble  those  of  the  A.  occi- 
dentale^ but,  besides  the  smaller  size,  exhibit  differences  in  the  structure 
of  the  premolars.  The  first  is  about  as  broad  as  long ;  has  a  strong 
anterior  basal  cingulum,  and  both  of  the  transverse  crests  strongly 
curved  backward  at  their  inner  extremities.  The  second  is  transverse, 
and  the  transverse  crests  are  simple  and  distinct  distally.  The  third 
premolar  has  its  inner  anterior  angle  produced  at  the  base  of  the  crown. 
The  transverse  crests  form  a  coutinnous  circuit  inwanlly,  and  it  is  the 
posterior  which  curves  forward  and  joins  the  anterior  a  short  distance 
external  to  the  inner  termination  of  the  latter.  In  the  fourth  premolar, 
the  transverse  crests  are  entirely  distinct,  and  the  anterior  is  the  longer, 
causing,  as  in  the  third,  the  protuberance  of  the  inner  anterior  angle  of 
the  shoulder  of  the  crown.  Both  are  bounded  at  the  base  by  a  cingu- 
lum, which  extends  round  the  posterior  base  to  the  outer  crest.  The 
posterior  transverse  crest  sends  forward  a  process  toward  (in  one  speci- 
men joining)  the  anterior  at  one-third  the  length  from  its  end.  The 
transverse  crests  of  the  true  molars  are  simple,  and  the  anterior  cross- 
crest  the  thickest ;  no  cingula  on  the  inner  bases. 

Measurements. 

LeDj^h  of  inferior  molar  series 0.172 

Length  of  premolars  only 080 

Length  of  first  premolar 015 

Length  from  first  premolar  to  end  of  symphysis 040 

Length  of  symphysis 048 

Width  of  symphysis  at  diastema 040 

Depth  of  ramus  at  last  molar 050 

Thickness  of  ramns  at  lost  molar O'M) 

Diameter  of  inferior  incisor 010 

Length  of  series  of  superior  molars 153 

Length  of  series  of  suiMirior  x)remolar8 073 

Length  of  first  xu'emolar 013 

Length  of  fourth  premolar 022 

Width  of  fourth  premolar 0:«i 

Length  of  penultimate  molar 037 

Width  of  penultimate  molar 038 

The  other  series  of  molars  presents  similar  dimensions,  and  a  few 
slight  variations  in  structure. 

The  remainder  of  the  skeleton  pertains  to  one  or  the  other  of  these 
individuals.  The  axis  strongly  keeled  below ;  the  anterior  articular 
surfaces  are  widely  expanded,  and  the  posterior  is  concave  and  oblique. 
Its  neural  carina  is  elongate  and  elevated  behind.  The  dorsal  and 
lumbar  vertebra?  are  slightly  opisthocoelian.  The  glenoid  cavity  of  the 
scapula  is  a  broad  oval,  and  the  coracoidis  quite  prominent,  but  obtuse. 
The  internal  condylar  tuberosity  is  strong,  the  external  almost  wanting; 
the  internal  distal  crest  is  very  strong.  The  supracondylar  foss®  are 
very  deep.  The  radius  is  a  stout  bono,  and  attached  to  the  slender 
ulna  by  coarse  sutural  surface,  which  is  very  nan^ow  along  the  middle 
of  the  shaft.  The  femur  is  stout,  and  its  large  trochanter  is  recurved 
anteriorly  as  well  as  posteriorly  so  that  both  faces  are  concave.    There 
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IS  an  eloDgate  crest  in  place  of  the  little  trochanter.  The  trochlear 
groove  is  aognlar,  and  bounds  a  pit  just  above  its  proximal  cud ;  the 
condyles  are  subequal. 

The  crest  of  the  tibia  is  deeply  grooved,  and  the  spine  divided  by  a 
wide  gutter.  The  external  face  is  concave  proximally,  and  turns  to  the 
front  distally.  The  inner  proximal  face  unites  on  the  last  third  of  the 
length,  to  become  the  internal  face.  The  distal  posterior  face  narrows 
upward,  and  runs  out  below  the  inner  facet  of  the  head.  The  astrag- 
alus has  the  hour-glass  face  quite  open.  The  inner  tuberoasity  of  the 
head  extends  within  the  line  of  the  trochlea  a  half-inch.  The  cuboid 
facet  is  obliqne  and  parallel  to  the  outer  margin  of  the  head,  and  con- 
stitutes one-fourth  the  width  of  the  latter. 

Measurements. 

M. 

Length  of  radius .' 0.198 

Diameter  ot"  i:8  carpal  face • 041 

Width  of  hiimenis,  distaUy i 056 

Depth  of  outor  condyle  of  hunicrns,  distally - 048 

Long  diameter  of  glenoid  face  of  scapnla 042 

Short  diameter  of  glenoid  face  of  scapnla 038 

Length  of  femur,  (over  all) 2d5 

Proximal  width  of  femur,  (overall)  , 100 

Dianiet<.T  of  head,  (antero-poet«rior) 042 

Least  transverse  diameter  of  shaft 035 

Trausvei'se  diameter  of  condyles .000 

Antcro-po8t<?rior  diameter  at  condyles 084 

Length  of  tibia 230 

Diameter  of  bend,  antero-posterior 580 

Diameter  of  head  distally,  antero-posterior 036 

Diameter  of  head  distally,  transverse OGO 

Diameter  of  head  of  astragalus,  transverse 048 

This  rhinoceros  was  about  the  size  of  a  mule. 

AcERATiiERiUM  occiDENTALE,  Leidy,  Ext.  Fauna  Dak.  and  Neb.,  p.  228, 
Plate  xxii. 

a 

Several  specimens  from  different  localities. 

AcEiiATHERiU3r   QUADRIPLICATUM,   Coi)e,  H^acodon  quadripUcatus. 
Cope,  Pal.  Bull.,  No.  15,  p.  1. 

This  species  is  similar  to  the  last  in  bulk,  with  g^reater  proportional 
elongation  of  the  teeth  of  the  premolar  series,  at  least.  It  is  repi^dr 
sented  by  two  individuals,  one  possessing  the  permanent,  the  other  the 
temporary  dentition,  at  least  in  part. 

The  former  presents  only  the  second  and  third  premolar  teeth  with 
an  alveolus  of  the  first.  The  third  premolar  has  four  roots  and  strong 
basal  cingula  fore  and  aft  only.  The  transverse  crests  are  simple  and 
separate.  A  strong  but  short  crest  originates  liom  the  outer  margin^ 
crest  between  them,  and  being  in  near  proximity  to  the  anterior  and  trans- 
verse, it  nearly  isolates  a  triangular  valley  with  it.  There  is  a  low 
tubercle  between  the  bases  of  the  inner  extremities  of  the  transverse 
crests.  The  second  premolar  is  three-rooted  only,  and  is  narrowed  ante- 
riorly. Its  two  inner  cross-crests  are  widely  separated,  and  the  inter* 
vening  branch  is  rudimentaL  The  anterior  prolongation  of  the  external 
crest  is  longer  than  the  posterior. 

The  second  specimen  consists  of  molars  in  both  maxillary  bones,  viz : 
the  four  premolars,  i)robably  deciduous.  They  differ  in  appearance  from 
those  above  described,  but  not  in  essential  details. 

The  transverse  crests  are  little  e\vt\eA^^\A>}Ki'^  ^\i5uBt  ^^js^^ 


496  GEOLOGICAL   SURVEIT   OF   THE   TEHBTTORIES. 

nniDtemipted.  ■  A  short  elevated  fold  proceeds  from  the  latter,  dividing 
the  head  of  the  transverse  valley.  A  compressed  conic  tahercle  stands 
between  the  inner  extremities  of  the  crests.  The  first  premolar  has  two 
transverse  crests  and  an  anterior  tubercle.  The  posterior  crest  is 
strongly  curved  backward  at  its  inner  end.  A  strong  cingulum  sur- 
rounds the  base  of  the  crown  except  on  the  outer  side. 

Medsurements. 

M. 

LeDgth  of  three  anterior  molars 0.090 

Length  of  third  molar 030 

Width  of  third  molar 033 

Length  of  first  molar 026 

Width  of  first  molar 019 

ANCHITHERIUM,  Kaup. 

Three  species  of  this  genus  left  their  remains  in  considerable  abun- 
dance in  the  Miocene  of  Colorado.  One  of  these  is  the  A.  bairdii,  Leidy ; 
a  second  is  similar*  to,  and  a  third  smaller  than,  that  well-known  animal. 
They  are  chiefly  known  from  molar  teeth,  but  greater  or  less  portions  of 
the  entire  skeleton  are  frequently  found.  The  following  are  some  of  the 
characters  by  which  the  teeth  maybe  recognized: 

I.  Anterior  median  tubercle  not  separated  from  inner,  obsolete  on  the 
second  premolar : 

A  median  ridge  on  each  outer  lobe,  and  basal  tubercle  between  the 
inner. — A.  bairdii. 

II.  Anterior  median  tubercle  well  separated  from  inner : 

Second  premolar  with  anterior  me<lian  tubercle  distinct  at  both 

ends;  no  inner  basal  lobe. — A,  cuneatum. 
No  inner  basal  lobes;  crescents  with  concave  outer  faces. — A.  ex- 

These  are  the  only  species  of  horses  known  to  occur  in  the  Colorado 
Miocene. 

Anchithebium  baibdh,  Leidy,  Ext.  Fauna  Dak.  and  Keb.,  p.  303, 

PI.  XX. 

Not  uncommon. 

Anchithebium  bxoletum,  Coi)e,  spec,  nov. 

Established  on  a  portion  of  the  right  maxillary  bone,  which  contains 
the  last  premolar  and  first  premolar  in  perfect  preservation  and  part  of 
the  third  premolar.  These  teeth  differ  from  the  corresponding  teetJi  in 
A.  bairdii  in  many  respects,  resembling  in  the  constitution  of  their  outer 
lobes  some  of  the  symborodonts.  The  outer  faces  of  these  are  uni- 
formly concave  to  near  the  shoulder,  leaving  a  very  narrow  basal  ridge 
and  no  longitudinal  median  ridges.  The  intercrescentic  ridge  is  in- 
curved and  not  straight.  The  anterior  middle  tubercle  is  separated 
from  the  inner  by  a  deep  fissure  and  grooves  to  the  base ;  the  median  is, 
on  the  other  hand,  continuous  with  the  posterior  inner.  The  posterior 
median  is  very  small.  The  anterior  and  posterior  basal  ridges  are 
small,  and  there  is  no  trace  of  basal  tubercle  between  the  two  medians. 
Enamel  smooth. 

The  size  of  this  animal  was  probably  that  of  the  A.  bairdiij  but  the 
molar  teeth  have  the  antero-posterior  diameter  greater  in  proportion  to 
the  transverse  than  in  that  species.    The  foramen  ittfraorbitcUe  exieriui 
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is  over  the  front  of  the  fourth  premolar;  it  is  above  the  front  of  the 
third  in  A.  bairdfi,    . 

Measurements. 

M. 

Length  of  fourth  aud  fifth  molars 0.0275 

Leoj^th  of  fourth  molar 0140 

Width  of  fourth  molar 01-^5 

Elevation  of  fourth  molar 0080 

Length  irom  front  of  malar  to  foramen  infraorbitale  anterius 0140 

This  species  diflfcra  from  the  A.  agresie,  Leidy,  in  size  about  as  the  A, 
haircUL    The  former  is  only  known  from  mandibular  teeth. 

ANcniTHERiUM  CUNEATUM.  Cope,  Palcout.  Bull.,  No,  IC,  p.  7,  (August 
20,  1873,)  specimen  No.  1. 

The  smallest  species  of  the  genus  represented  by  both  maxillary 
bones  of  one  individual ;  several  loose  molars  and  a  maxillary  bone 
with  teeth  of  others.  In  the  first-named  specimen,  the  second  premolar 
has  the  elongate  form  of  the  corresponding  deciduous  molar  of  A. 
bairdiij  but  I  am  not  sure  whether  it  is  the  deciduous  or  permanent  one 
in  the  present  ca^e,  as  the  series  only  includcFi  the  lifrh  molar.  The 
middle  anterior  tubercle  is  directed  forward,  inclosing  iin  angular  fossa 
with  the  inner.  The  latter  is  separated  from  the  posterior  by  a  basal 
tubercle,  but  there  is  none  on  the  third  premolar.  The  posterior  median 
tubercle  is  well  developed.  The  outer  faces  of  the  outer  lobes  are  con- 
cave ;  sometimes  with  a  faint  median  ridge. 

The  fore  and  aft  cingula  are  well  developed,  and  the  basal  parts  of 
the  posterior  transverse  ridges  are  connected  with  the  posterior  median 
tubercles. 

Measurements, 

M. 

Lengthof  M.  2and3ofNo.  1 0.0260 

Length  of  M.  1  of  No.  1 UVM) 

Width  of  M.  lof  No.  1 0110 

The  specimen  measured  as  No.  2  in  the  original  description  does  not 
belong  to  the  species. 

Another  specimen  contains  what  are  without  doubt  the  permanent 
third,  fourth,  and  fifth  molars.  These  resemble  the  corresponding 
ones  of  the  specimen  just  described,  dift'ering  oidy  in  being  a  little 
smaller.  Besides  the  small  size,  they  ditter  from  those  of  A,  hairdii  in 
the  entire  absence  of  the  inner  basal  tubercles,  and  in  the  nipid  reduc- 
tion in  size  of  the  molars  from  the  fifth  forwards.  The  anterior  median 
lobe  is  very  distinct,  and  the  posterior  median  ^mall. 

Measurements, 

M. 

Length  of  third,  fourth,  and  fifth  molars -. 0.0350 

Length  of  third  molar Oil 

Width  of  third  molar Oil 

Width  of  lifth  molar 014 

Lengthof  fitth  molar 013 

Since  the  description  of  this  species  was  published.  Professor  Marsh 
has  described  an  Anchithcrinm  of  about  the  same  size,  from  the  Miocene 
of  Nebraska,  under  the  name  of  A.  celer*  It  will  be  desirable  to 
institute  com])arisons  between  those  to  settle  the  question  of  their  dis- 
tinctness or  identity. 
■■-■'■ 

*  Amer.  Jonm.  Sci.  Arts,  1874,  y,  li^l. 

32  a  s 
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Anchitherium  agreste,  Leidy,  Report  U.  S.  GeoL  Surv.  Terrs.,  (4to,) 
J,  p.  251,  PI.  vii.  • 

A  portion  of  the  left  maudibular  ramus,  with  the  last  two  true  molars 
reiuaiiiinjr,  iudieates  a  larger  species  than  any  of  the  preceding,  and  not 
materially  different  from  that  described  by  Leidy  as  above. 

ARTIODACTYLA. 

OREODON,  Leidy. 

Remains  of  species  of  this  genus  are  exceedingly  abundant  in  the 
Miocene  of  Colorado,  but  represent  but  two  si)ecies,  which  are  identical 
with  those  already  known  from  Dakota  and  Nebraska. 

Oreodon  cuLBERTSONn,  Leidy,  Ext.  Fauna  Dak.,  &c.,  p.  86. 

Oreodon  gracilis,  Leidy,  Ext.  Fauna  Dak.,  &c.,  p.  94. 
About  one  specimen  in  ten  of  the  genus  belongs  to  this  species. 

POliBROTHERIUM,  Leidy. 

Extinct  Fauna  Dakota,  &:c.,  p.  141. 

This  genus  differs  from  Amphitragvlus^  Pom.,  in  the  association  of  the 
first  inferior  premolar  with  the  ciinine  and  incisors  rather  than  with  the 
remaining  premolars.  Dental  formula  I.,  ^;  C, |;  P.  m.,  ^;  M.,  J;  the 
diastema  between  the  first  and  second  premolars  only;  canine  more  or 
less  approximated  to  the  first  incisor.  The  arrangement  in  the  anterior 
l)art  of  the  upper  jaw  has  not  yet  been  described.  Tliere  is  a  diastema 
behind  the  first  premolar,  and  one  in  front  of  it.  The  canine  is  a  weak, 
fiimple-crowned  tooth,  and  is  immediately  preceded  by  a  large,  canine- 
like, exterior  incisor.  The  existence  of  other  superior  incisors  cannot 
be  demonstrated  in  my  specimens. 

As  already  known  from  the  descriptions  of  Leidy,  the  otic  bullae  are 
enormously  expanded.  Their  walls  are  either  occupied  with  an  extensive 
diploe,  or  lined  with  a  cancellous  layer,  which  gives  a  reticulate  net- 
work or  section.  The  osteology  of  tliis  genus  presents  a  number  of 
interesting  features.  The  cranium  only  has  been  described  by  Professor 
Leidy.  The  following  observations  are  based  on  portions  of  several 
skeletons,  which  include  the  maxillary,  mandibular,  and  other  cranial 
bones,  which  I  extricated  from  the  matrix  myself.  The  dentition  agrees 
with  that  figured  and  described  by  Leidy. 

The  atlas  is  rather  broader  than  long,  with  thin  diaparapophyses, 
pierced  by  the  usual  foramen  at  the  middle  of  the  base,  and  produced 
well  backward  at  the  outer  margin.  The  articular  facets  of  the  axis  are 
continuous  below  the  foramen  dentale.  The  neural  arch  is  regularly 
convex  and  without  keel  on  its  posterior  .4 ;  but  the  anterior  .6  consists 
of  a  flat  facet  descending  obhquely  to  the  neural  canal,  with  a  median 
keel  and  prominent  lateral  angle  descending  to  the  base  of  the  diapo- 
physis  in  front.  The  third  and  fourth  cervical  vertebrae  are  enlarged 
and  quite  elongate,  and  present  the  usual  peculiivrity  of  the  CanwUdoi  in 
the  position  of  the  canal  for  the  vertebral  artery.  It  perforates  a  part 
of  the  base  of  the  neurapophysis,  and  not  that  of  the  diapophysis.  The 
latter  is  a  decurved  lamina,  extending  the  entire  length  of  the  centrum, 
and  sending  a  strong  angular  ridge  from  the  posterior  outer  angle  to  the 
anterior  zygapophysis.    The  zygapophyses  are  connected  by  a  strong 
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loDgitudioal  augalar  ridge.  The  neural  spine  is  a  prominent  keel  of  no 
great  elevation.  The  hypapophysis  is  an  acute  keel,  low  in  front,  but 
produced  downward  and  backward  to  a  rugose,  obtuse  extremity.  The 
centra  are  slightly  opisthocoelian ;  the  articular  surfaces  so  moderately 
interlocked  as  to  constitute  a  form  intermediate  between  that  of  the 
camel's  and  of  the  Macrauchenia.  An  anterior  dorsal  vertebra  is  more 
strongly  opisthocoelian,.*  resembling  that  of  the  llama.  The  diapo- 
physis  has  a  reniform  tubercular  surface,  which  looks  downward  ;  from 
its  posterior-inferior  angle,  a  strong,  fold  like  ridge  originates,  and  is 
continued  as  the  posterior  margin  of  the  neural  arch.  Below  the  capit- 
ular facet,  a  short  ridge  originates,  which  incloses  a  median  fossa,  with 
its  fellow  on  the  anterior  half  of  the  centrum.  A  lumbar  exhibits  a 
strongly-depressed  centrum,  and  the  absence  of  an  epiphysis  from  it 
and  from  the  dorsal  described  indicate  the  immaturity  of  the  individual. 

The  humerus  is  a  little  expanded  distally,  and  is  truncate  from  the 
trochlear  margin  on  the  inner  side.  The  posterior  portion  of  this  face 
is  produced  into  a  strong  tuberosity,  of  which  a  trace  may  be  observed 
in  the  llama,  which  jirevents  the  extension  of  the  fore-arm  beyond  an 
angle  of  I8O0,  The  inner  trochlear  face  has  the  greater  sweep  and  less 
width,  and  is  uninterrupted ;  the  outer  is  wider,  and  is  divided  into  two 
nearly  coincident  planes.  There  is  a  supracondylar,  but  no  arterial 
foramen,  as  in  Oreodon,  » 

The  fore-arm  is  long  and  slender,  and  the  ulna  co-ossified  its  entire 
length,  except  a  foramen  near  its  distal  end.  The  medullary  cavities  of 
the  two  bones  are  separated  for  the  proximal  half  of  their  length.  A 
shallow  groove  distinguishes  the  ulna  proximally,  and  at  the  middle  of 
the  shaft  the  latter  forms  an  acute  edge.  Distally,  the  combined  bones 
present  three  planes,  two  lateral  and  a  median.  The  lunar  facet  is 
most  impressed  ;  the  scaphoid  and  cuneiform  are  equally  prominent. 

The  carpus  consists  of  eight  bones,  the  entire  mammalian  number,  all 
entirely  distinct.  The  second  series  presents  the  most  important  pecu- 
liarities. The  trajyezium  is  small  and  posterior;  the  trapezoides  has  an 
almost  entirely  lateral  presentation,  and  is  also  small,  and  fits  an  angle 
of  the  magnum ;  the  metacarpal  facets  of  these  bones  are  con- 
tinuous and  uninterrupted.  The  magnum  is  flat  and  transverse;  the 
unciform  is  nearly  as  broad,  and  less  depressed;  it  presents  two  inferior 
articular  faces,  the  lesser  interior  for  the  third  metacarpal ;  that  for  the 
fifth  metacarpal  is  wanting. 

There  are  two  principal  and  two  rudimental  metacarpals.  The  tliird 
articulates  with  half  of  the  trai)ezoides,  the  magnum,  and  a  fourth  of 
the  unciform ;  the  fourth  with  the  remainder  of  the  unciform.  The 
second  and  filth  are  very  short  and  wedge-shaped,  and  closely  adherent 
in  shallow  fossae  of  the  third  and  fifth  respectively.  The  latter  are  dis- 
tinct, and  present  no  traces  of  present  or  prospective  attachment;  their 
opposed  faces  are  only  flattened  on  the  proximal  three-fourths,  and 
rounded  on  the  remaining  fourth.  Their  articular  extremities  present 
no  basal  ridge,  and  the  median  keel  is  posterior,  terminating  at  the  dis- 
tal center.  The  basal  phalanges  are  short,  and  with  a  distal  trochlear 
groove ;  those  of  the  second  series  are  half  as  long. 

Another  specimen  displays,  in  addition  to  cranium  with  teeth,  vertebrje, 
&c.,  the  hind  limbs.  The  astragalus  is  that  of  a  true  ruminant,  but  the 
astragalus  and  cuboid  bones  are  entirely  distinct.  The  ectocuneiform 
is  a  subcubical  bone,  and  is  distinct  irom  the  inner  cuneiform  behind  it, 
and  which  is  relatively  larger  than  in  the  typical  Ruminantia.  The 
metatarsals  are  two  in  number,  and  are  distinct  throughout  their  length, 
the  distal  portions  being  not  even  flattened  for  mutual  contact.    They 
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are  very  much  elougate  and  resemble  those  of  the  fore  limb.  There  is, 
OH  the  external,  a  proximal  excavation  for  the  rudiment  of  the  fifth 
metatarsns,  like  that  which  contains  the  fifth  metacarpus.  Probably 
there  is  a  similar  second,  but  the  indications  are  lost  The  distal  end 
of  the  fibula  is  not  co-ossified  with  the  tibia. 

The  above  analysis  determined  some  interesting  relations  of  this 
genus.  The  cervical  vcrtebne  indicate  affinity  to  the  CameUdWy  and 
there  is  nothing  in  the  remainder  of  the  structure  to  contradict  such 
relartion.  The  separation  of  the  oh  trapezoMca  is  found  in  the  camels, 
and  very  few  others  only  among  Ruminantia  ;  but,  in  the  presence  of 
the  trapezium  Po'ehr other ium  shows  relationships  to  more  ancient 
types,  as  Anoplotheriidce,  &c.  The  reduction  of  the  digits  to  two  and 
the  separation  of  the  metacarpals  point  in  the  same  direction  ;  indeed, 
the  number  of  carpals  and  metacarpals  is  prcisely  as  in  Xiphodon.  But 
the  mutual  relations  of  these  bones  are  quite  diffiBrent  from  what  exists 
in  that  genus,  and  is  rather  that  of  the  CameUdce  and  other  rumiimnts, 
or  what  Kowalevsky  has  called  the  "adaptive  type.''  This  author  has 
seen,  in  the  genus  Gelocus,  Aym.,  from  the  Lowest  Miocene,  or  Upper 
Eocene  of  France,  the  oldest  ruminant  and  the  probable  ancestor 
of  a  number  of  the  types  of  the  order ;  but  among  these  he  does  not 
include  the  Camelidw,  The  present  genus  is  a  more  generalized  type 
than  GelocuH  ;  in  its  separate  trapezoid  and  distinct  metacarpals,  it  rep- 
resents an  early  stage  in  the  developmental  history  of  that  genus.  It  also 
presents  aftinity  to  an  earlier  type  than  the  TragulidcCj  which  sometimes 
have  the  divided  metacarpals,  but  the  trapezoides  and  magnum  co-ossi- 
fied. In  fact,  Pochrotherinm^  as  direct  ancestor  of  the  camels,  indicates 
that  the  existing  Ruminantia  were  derived  from  three  lines  represented 
by  the  genera  Gelocus  for  the  typical  forms ;  Poehrotherium  for  the  caui- 
les;  and  Hyamoffchus  for  the  TraguUdw.  The  first  of  these  genera  can- 
not have  been  derived  from  the  second,  on  account  of  the  caraeloid 
cervical  vertebrae  of  the  latter,  and  all  three  must  be  traced  to  the 
source  whence  were  derived,  also,  the  Anoploheriidw^  and  perhaps  the 
little-known  Dichodontidw. 

The  two  distinct  metacarpals,  separate  trapezium  and  trapezoides, 
cameloid  cervical  vertebrse,  and  dentition  characterize  this  type  as  a 
l)eculiar  family,  which  may  be  called  Poebrotheriida\  The  genus  from 
which  it  takes  its  name  was  originally  referred  by  Leidy  to  the  Camelidoi, 
I  have  been  unable  to  detect  any  characters  by  which  Protomeryx 
haUii\  Leidy,  can  be  pkiced  in  a  distinct  genus  from  the  present  one.  It 
rests  on  a  ])ortion  of  a  lower  jaw  of  an  individual  somewhat  larger  than 
the  usual  size  of  P.  vihonlL 

PoiiBROTiiEKiUM  viLSONii,  Leidy,  loc.  ett,p.l41 ;  Cope,  Bull.  U.  S.Geol. 
Surv.,  No.  1,  24. 

Several  individuals  procured.  The  size  was  about  that  of  a  sheep, 
but  the  limbs  and  neck  were  much  longer.  The  latter  resemble,  in  their 
slender  proportions,  those  of  the  Xiphodon  gramle  of  the  Paris  Eocene, 
aud  exceed  those  of  any  of  their  contemporaries  in  this  respect. 

Measurements. 

II. 

Leugtli  of  continnons  six  molars 0.058 

Depth  of  luamlible  at  M.  2 OiW 

Lenjjtli  of  atlas,  (on  centrum) 0;5r> 

Length  of  third  cervical  vertebra 050 

'Width  of  centrum  behind 020 

Depth  of  centrum  behind 015 
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Depth  of  centram  behind,  with  hyapophysis U20 

Expanse  of  diapophysis  of  fourth  cervical 034 

Expense  of  zygapopbyses  of  fourth  cervical 038 

Length  of  centrum  of  first  dorsal 025 

Width  of  centrum  of  first  dorsal 0:20 

Depth  of  centrum  of  tirst  dorsal 014 

Width  of  humerus  cistally OJl 

Length  of  radius 183 

Width,  proximally , 018 

Width  distally,  (great^jst  with  ulna) 02S 

Length  of  lunar,  (anterior  face) OOiJ 

Length  of  hiagnum,  (anterior  face) 004 

Width  of  carpus  distally 020 

Width  of  III.  and  IV.  metacarpal  proximally 019 

Width  of  III.  metacarpal  proximally Oil 

Width  of  m.  metacarpal  distally 009 

Length  of  III.  metacarpal l/il 

Length  of  proximal  phalange « 017 

Length  of  phalange  of  second  row OiO 

Totallengthofhiudfoot,  (No.  a) 243 

Length  of  tarsus 040 

Length  of  astragulus 025 

Length  of  metatarsus 147 

Length  of  unguis 015 

HYPISODUS,  Cope. 

Synopsis  New  Vertehrata  Colorado,  1873,  pp.  5,  7. — Bulletin  U.  S.  Geological  Survev, 

No.  1,  p.  26. 

With  this  genus  we  enter  a  group  of  true  ruminants  which  are  allied 
in  many  respects  to  genera  now  living  in  the  warm  regions  of  Africa 
and  Asia,  namely,  the  Tragulidw.  The  premolar  teeth  are  similarly  sec- 
torial in  their  character,  excepting  the  last  in  Hi/pisodus  and  Leptome- 
ryx^  and  the  metapodial  bones  are  co-ossified  into  a  common  bone  late  in 
growth ;  a  deep  interveping  groove  always  remaining.  The  cuboid  and 
navicular  tarsal  bones  are  more  or  less  completely  co-ossilied.  The  re- 
lations of  the  lateral  metapodial  bones  are  not  yet  determinable. 

Dent«il  formula  of  Mypisodus :  I.,  ^ ;  C,  \ ;  P.  m.,  4 ;  M.,  |.  In  the 
maxillary  bone,  two  posterior  premolai's  are  preserved  ;  the  last  has  a 
single  internal  crescent,  which  extends  from  the  posterior  external  cres- 
cent as  an  oblique  branch  inward  and  forward.  In  the  mandibular 
series,  the  six  incisors,  two  canines,  and  two  first  premolars  form  an 
uninterrupted  series  of  ten  subequal  teeth,  and  are  followed  by  a  long 
diastema.  There  is  no  diastema  behind  the  first  premolar.  The  num- 
ber and  relations  of  the  teeth  (the  P.  m.  superior  iios.1-2  unknown)  are 
much  iis  Poebrotlieriumj  but  the  molars  are  more  prismatic  in  form. 

Hypisodus  MINIMUS,  Copc,  Bull.  U.  S.  Geol.  Surv.,  1874,  No.  1,  p.  26. 
Leptaucheniaminimaj  Cope^  Fill,  Bull.,  No.  16,  p.  8;  Hypisodus  cingoiSy 
Cope,  Synop.  New  Vert.  Col.,  p.  7. 

liepresented  by  numerous  remains  of  a  species  not  larger  than  a 
gray  squirrel. 

The  antero-exterior  vertical  ridge  of  the  molars  is  more  prominent 
and  overlaps  the  preceding  tooth  more  extensively  than  in  the  other 
species.  The  posterior-superior  molar  is  narrowed  behind,  and  has  a 
small  heel-column.  In  the  mandible,  the  third  premolar  is  three-lobed, 
and  the  first  premolar  is  not  separated  from  the  second  by  a  hiatus. 
The  superior  molars  exhibit  no  basal  shoulder,  but  have  distinct  roots. 
The  inferior  molar's  are  still  more  prismatic,  and  the  roots  of  Uie  last 


496  GEOLOGICAL   SUfiVElT   OF  THE   TERRITORIES. 

nniDtemipted.  .  A  short  elevated  fold  proceeds  from  the  latter,  dividing 
the  head  of  the  traudverse  valley.  A  compressed  conic  tahercle  stands 
between  the  inner  extremities  of  the  crests.  The  first  pi*emolar  has  two 
transverse  crests  and  an  anterior  tubercle.  The  posterior  crest  is 
strongly  curved  backward  at  its  inner  end.  A  strong  cingulam  sur- 
rounds the  base  of  the  crown  except  on  the  outer  side. 

Measurements. 

M. 

LeDgth  of  three  anterior  molars 0.090 

Length  of  third  molar 030 

Width  of  third  molar 033 

Length  of  firBt  molar 026 

Width  of  first  molar 019 

ANCHITHERIUM,  Kaup. 

Three  species  of  this  genus  left  their  remains  in  considerable  abun- 
dance in  the  Miocene  of  Colorado.  One  of  these  is  the  A.  hairdii,  Leidy ; 
a  second  is  similar  to,  and  a  third  smaller  than,  that  well-known  animal. 
They  are  chietiy  known  from  molar  teeth,  but  greater  or  less  portions  of 
the  entire  skeleton  are  frequently  found.  The  following  are  some  of  the 
characters  by  which  the  teeth  maybe  recognized: 

I.  Anterior  median  tubercle  not  separated  from  inner,  obsolete  on  the 
second  premolar : 

A  median  ridge  on  each  outer  lobe,  and  basal  tubercle  between  the 
inner. — A.  bairdii. 

II.  Anterior  median  tubercle  well  separated  from  inner : 

Second  premolar  with  anterior  median  tubercle  distinct  at  both 

ends;  no  inner  basal  lobe. — A.cuneatum. 
No  inner  basal  lobes ;  crescents  with  concave  outer  faces. — A.  ex- 

oletum. 

Those  are  the  only  species  of  horses  known  to  occur  in  the  Colorado 
Miocene. 

Anchithebium  baibdii,  Leidy,  Ext.  Fauna  Dak.  and  Keb.,  p.  303, 

PI.  XX. 

Kot  uncommon. 

Anchithebium  bxoletum,  Coi)e,  spec.  nov. 

Established  on  a  portion  of  the  right  maxillary  bone,  which  contains 
the  last  premolar  and  first  premolar  in  i)erfect  preservation  and  part  of 
the  third  premolar.  These  teeth  differ  from  the  corresponding  teeth  in 
A.  bairdii  in  many  respects,  resembling  in  the  constitution  of  their  outer 
lobes  some  of  the  symborodonts.  The  outer  faces  of  these  are  uni- 
formly concave  to  near  the  shoulder,  leaving  a  very  narrow  basal  ridge 
and  no  longitudinal  median  ridges.  The  intercrescentic  ridge  is  in- 
curved and  not  straight.  The  anterior  middle  tubercle  is  separated 
from  the  inner  by  a  deep  fissure  and  grooves  to  the  base ;  the  median  is, 
on  the  other  hand,  continuous  with  the  posterior  inner.  The  posterior 
median  is  very  small.  The  anterior  and  posterior  basal  ridges  are 
small,  and  there  is  no  trace  of  basal  tubercle  between  the  two  medians. 
Enamel  smooth. 

The  size  of  this  animal  was  probably  that  of  the  A.  bairdii^  but  the 
molar  teeth  have  the  antero-posterior  diameter  greater  in  proportion  to 
the  transverse  than  in  that  species.    The  foramen  infraorbitale  exterius 
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is  over  the  front  of  the  fourth  premolar;  it  is  above  the  front  of  the 
third  in  A.  hairdfl,    . 

Measurements, 

M. 

Length  of  fourth  and  fifth  molars 0.0275 

Length  of  fourth  molar 0140 

Whlthof  fourth  molar 01t>5 

Elevation  of  fourth  molar 0080 

Length  from  front  of  malar  to  foramen  infraorhitale  anterius 0140 

This  species  differs  from  the  A.  agreste^  Leidy,  in  size  about  as  the  A. 
hairdiu    The  former  is  only  known  from  mandibular  teeth. 

ANCHITIIERIU3I  CUNEATUM.  Cope,  Paleout.  Bull.,  No.  IC,  p.  7,  (August 
20,  1873,)  specimen  No.  1. 

The  smallest  species  of  the  genus  represented  by  both  maxillary 
bones  of  one  individual ;  several  loose  molars  and  a  maxillary  bone 
with  teeth  of  others.  In  the  first-named  specimen,  the  second  premolar 
has  the  elongate  form  of  the  corresi)onding  deciduous  molar  of  A. 
hairdii,  but  I  am  not  sure  whether  it  is  the  deciduous  or  peroianent  one 
in  the  present  case,  as  the  series  only  includeF>  the  lifrh  molar.  The 
middle  anterior  tubercle  is  directed  forward,  inclosing  an  angular  fossa 
with  the  inner.  The  latter  is  separated  from  the  posterior  by  a  basal 
tubercle,  but  there  is  none  on  the  third  premolar.  The  posterior  median 
tubercle  is  well  developed.  The  outer  faces  of  the  outer  lobes  are  con- 
cave ;  sometimes  with  a  faint  median  ridge. 

The  fore  and  aft  cingula  are  well  developed,  and  the  basal  parts  of 
the  posterior  transverse  ridges  are  connected  with  the  posterior  median 
tubercles. 

Measurements, 

M. 

Lengthof  M.  2and3ofNo.  1 0.0200 

Length  <»fM.  1  of  No.  1 (U:i0 

Width  of  M.  lof  No.  1 OHO 

The  specimen  measured  as  No.  2  in  the  original  description  docs  not 
belong  to  the  species. 

Another  specimen  contains  what  are  without  doubt  the  permanent 
third,  fourth,  and  fifth  molars.  These  resemble  the  corresponding 
ones  of  the  specimen  just  described,  diflt'ering  only  in  being  a  little 
smaller.  Beside»  the  small  size,  they  ditt'er  from  those  of  A,  bainJii  in 
the  entire  absence  of  the  inner  basal  tubercles,  and  in  the  rapid  reduc- 
tion in  size  of  the  molars  from  the  fifth  forwards.  The  anterior  median 
lobe  is  very  distinct,  and  the  posterior  median  ^mall. 

Measurements. 

M. 

Length  of  third,  fourth,  and  fifth  molars 0.O35O 

Length  of  third  molar Oil 

Width  of  third  molar .Oil 

Width  of  fifth  molar 014 

Length  of  fitth  molar 013 

Since  the  description  of  this  siiecies  was  published,  Professor  Marsh 
has  described  an  Anchitherium  of  about  the  same  size,  from  the  Miocene 
of  Nebraska,  under  the  name  of  A.  celer.*  It  will  be  desirable  to 
institute  comparisons  between  these  to  settle  the  question  of  their  dis- 
tinctness or  identity. 

*  Auier.  Jonm.  8ci.  Arts,  1874,  p.  251. 

32  a  s 
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thinl  is  fourlobed.  Third  premolar  with  large  anterior  lobe  aud  pos- 
terior heel.  Median  lobes  obtuse ;  three  last  lobes  connected  by  a  low 
edge.    Enamel  slightly  rugose. 

MeasMremenU. 

M. 

Lenf^th  of  bases  of  three  premolars 0.076 

Leiigtii  of  1)0818  of  thinl  premolar i, 008 

Elevation  of  crown  of  tbird  premolar 004 

Depth  of  ramus  at  third  premolar 007 

PELONAX,  Cope. 

This  genus  embraces  8i>ecies  which  are  nearly  allied  to  IJhiherium. 
It  is  more  hippopotamoid  than  that  genus,  in  the  possession  of  foar 
digits  on  all  the  feet  and  a  rudimentary  fifth  on  the  pe^.  According  to 
Kowalevsky,  Elotherium  possesses  but  two  digits  of  the  fore-foot.  The 
E.  mortonii  and  E.  ingem  of  Leidy  represented  the  genus  during  the 
Miocene  period  in  North  America,  species  which  Kowalevsky  is  disposed 
to  unite  with  the  E.  magnum^  Aym.,  of  Europe. 

Pelonax  crassus,  Marsh.      (?)  Elotherium  crassum^  Marsh,  Amer. 
Journ.  Sci.  and  Arts,  1873,  p.  487. 

According  to  Marsh,  the  digits  in  this  species  are  4-5.  Three  crania, 
one  nearly  complete,  represent  this  species  in  our  collections,  so  f»r  as  I 
can  determine  from  Marsh's  very  brief  description.  The  form  of  the 
skull  is  very  diiterent  from  that  of  the  EloHierium  mortonii.  The  poste- 
rior portion  from  the  orbits  is  abbreviated  and  the  sagittal  crest  de- 
scends from  the  i)rotuberant  frontal  region.  The  orbits  present  upward 
and  forward,  aud  the  temporal  fossa  is  higher  than  long;  the  face  and 
muzzle  are  long  and  narrow.  The  malar  portion  of  the  zygoma  is  con- 
siderably deeper  than  the  squamosal  portion.  The  descending  i)roces8 
of  the  zygoma  is  directed  downward  and  forward,  as  described  by 
Marsh.  There  is  a  small,  sn|>ernumerary,  single-rooted  premolar  close 
behind  the  second  in  all  three  crania.  The  length  of  one  of  the  skulls 
is  eighteen  inches.  The  measurements  of  the  teeth  agree  with  those 
given  by  Marsh. 

Pelonax  ramosus.   Cope;  Elotherium  ramosumy  Cope,  Bull.  U.    S. 
Geol.  Surv.  Terrs.,  1874,  No.  1,  p.  27. 

Estiiblished  on  the  greater  part  of  a  mandible  with  teeth,  from  a  cra- 
nium, which,  when  complete,  must  have  measured  nearly  two  feet  and  a 
half  ill  length,  indicating  an  animal  no  smaller  than  the  largest  living 
rhinoceroses.    The  species  is  remarkable  for  the  great  size  of  the  tuber- 
I  osities  on  the  under  side  of  the  mandibular  rami,  especially  of  the  anto- 

:■  rior  pair.    The  symphysis  is  narrow  and  deep  in  front,  aud  the  tuber- 

(■  osities  form  two  branches,  whose  bases  occupy  the  entire  lower  part 

j  of  its  inferoanterior  face.    They  are  some  inches  long,  and  are  <lirected 

j  outward  aud  downward.    The  posterior  edge  is  acute,  and  the  extremity 

very  rugose,  as  though  for  the  attachment  of  a  horny  or  cartilaginous 
ca[)  or  ai>ex.    The  outer  face  is  flat;  the  inner,  convex.    The  second  tu- 
berosity is  below  the  first  true  molar,  and  is  flat  and  with  apex  obtuse 
I  in  profile,  and  turned  outward.    The  molar  teeth  number  seven;  the 

j.  first  and  second  of  the  four  premolars  have  but  a  single  root,  and  ai'e 

\  separated  by  a  short  diastema.    The  tubercles  of  the  molars  are  low  ; 

^''  the  crowns  of  some  of  the  premolars  have  a  cingulum  in  front  and  be- 
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hind.  The  canioes  are  lost,  bat  their  alveoli  indicate  hnge  size;  the 
root  possesses  an  open  groove  on  the  front  of  the  inner  side.  Tlie  outer 
incisors  are  large  and  close  to  the  canine;  the  last  molar  is  two-lobed 
and  rather  smalL 

M€fi8ureme9it8. 

Length  of  series  of  inferior  molars 0.:i70 

Long  (liamoter  of  canine  alveolus,  (28.5  lines) 060 

Length  of  trne  molar  series 140 

Length  of  crown  of  fourth  premolar 053 

Height  of  crown  of  fourth  pifemolar,  (worn) 022 

Width  of  symphysis  between  canines 090 

Length  of  chin-process,  (3.5  inches) 090 

Width  of  chin-process  antem-posteriorly 080 

Length  of  interval  to  second  tuberosity 7 150 

Length  of  basis  of  second  tuberosity 076 

Length  of  symphysis 175 

Depth  of  ramus  atP.  m.  2 100 

The  only  species  with  which  it  is  necessary  to  compare  the  Pelonax 
ramosus  is  the  JElotherium  imperator,  Leidy,  (=E.  superbum^  an  olde^ 
though  le^s  appropriate  name,)  known  from  a  canine  and  incisor-teeth 
from  California  and  Oregon.  The  long  diameter  of  the  canine  is  to  that 
of  JB.  ramosum  as  5J  to  7J. 

C ARNIVORA. 

HY^NODON,  Laiz.  et  Par. 

Hy^nodon  horrtdus,  Leidy,  Ext.  Fauna  Dak.,  &c.,  p.  39 :  Cope,  Bull. 
U.  S.  Geol.  Surv.,  No.  1,  p.  9. 

Hy^nodon  crucians,  Leidy,  loc.  cit,  p.  48 ;  Cope,  loc.  cit,  p.  9. 

This  and  the  preceding  species  were  found  rather  rarely,  and  in  about 
equal  proportions. 

AMPHICYON,  Larl. 
Amphicyon  vetus,  Leidy,  Ext.  Fauna  Dak.,  &c.,  p.  32. 

CANIS,  Linn. 

Canis  hartsuornianus.  Cope,  Synop,  Kew  Vert.  Col.,  1873,  p.  9. 

Indicated  by  a  portion  of  the  mandibular  ramus  with  the  first  tuber- 
cuhir  molar  and  alveolus  of  the  second.  The  species  was  as  large  as  the 
Canitf  latrans.  The  anterior  molar  preserved  has  an  interrupted  cingu- 
lum  on  the  outer  side,  which  i)roject8  considerably  in  front,  thus  inter- 
rupting the  parallelogramic  outline  of  the  crown.  The  outer  anterior 
tubercle  is  much  the  larger,  while  the  inner  ones  are  both  obsolete.  In 
C.  (jregarius^  Cope,  the  tubercles  are  equal,  and  there  is  no  cingulnnu 
lioot  of  tubercular  molar  subround  in  section  a«  in  6\  gregarius. 

Measurements. 

Length  of  bases  of  M.  II  and  III 0130 

Length  of  base  of  crown  of  M.  II 0090 

Width  of  base  of  crown  of  M.  II 0060 

Elevation  of  crown  ofM.  II 0050 

Named  for  my  friend.  Dr.  Henry  Hart^horne,  professor  of  nuturai 
sciences  in  Haverford  College. 
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As  compared  with  the  corresponding  parts  of  the  Amphicyon  retuSj 
the  specimen  of  this  species  di8i)lays  the  characters  of  the  genus  Canis. 
The  first  tubercular  molar  is  considerably  smaller — not  much  more  than 
half  as  large,  and  the  second  very  small,  and  supported  by  but  one  cy- 
lindric  root.  The  alveolar  portion  of  the  ramus  is  at  the  same  time  as 
stout  a.s  that  of  the  A.  vetus. 

Canis  lippincottianus.  Cope,  Synop.  Vert.  Col.,  1873,  p.  9. 

Among  the  numerous  remains  of  dogs  associated  with  those  of  ro- 
dents and  insectivora,  I  have  observed  several  portions  of  mandibular 
rami  with  teeth  which  indicate  a  species  intermediate  in  size  between 
the  Cams  Jiartshornmnns  and  the  0.  gretjarius.  It  was  therefore  not 
very  different  from  the  coyote  in  size.  Selecting  one  specimen  a«  type, 
which  contains  the  teeth  which  correspond  to  those  which  represent  the 
species  last  described,  I  find  the  following  peculiarities :  The  root  of 
the  last  molar  is  much  compressed.  There  is  only  a  trace  of  cingulum 
on  the  penultimate,  and  the  tubercles  of  the  inner  side  of  the  crown  are 
well  developed.  Dimensions  half  as  large  again  as  in  (7.  gregariusj  as 
indicated  by  many  specimens  of  the  latter.  In  it  the  antefior  lat<^ral 
tubercles  are  subequal. 

A  second  specimen  from  the  same  locality  is  a  mandibular  ramus,  with 
the  alveoli  of  the  entire  molar  series  and  the  last  premolar  and  sectorial 
perf(»ctly  preserved.  As  compared  with  a  larger  number  of  specimens 
of  C.  grcgariusj  the  jaw  is  larger,  but  is  chiefly  distinguished  by  the  rel- 
atively stouter  and  broader  teeth.    The  first  premolar  is  one-rooted. 

Afeastirements, 

Length  of  biiHCS  of  crownsof  M.  II  and  III,  (No.  1) 0.001>5 

Length  of  base  of  crown  of  M.  II (K)i>0 

Width  of  baso  of  crown  of  M.  II OlK^) 

Ekivation  of  crown  of  M.  II 00:10 

Length  of  bu.ses  of  fi vo  anterior  molars^  (No.  2) OIWO 

Length  of  bases  of  four  pn>molars 022(i 

Width  of  sectorial  at  middle 0045 

Elevation  of  sectorial  at  middle 0070 

Depth  of  ramus  at  sectorial 0130 

Thickness  of  ramus  at  sectorial 0055 

Oanis  gregabius.  Cope,  Pal.  Bull.,  No.  16,  p.  3. 

About  half  the  size  of  the  red  fox,  ( Vulpes  fulvus^)  or  equal  to  the  V, 
littoralk^  Baird,  but  with  relatively  deeper  mandibular  ramus  than 
either.  The  premolars  are  in  eontact  with  each  other,  and  the  middle 
posterior  lobe  is  well  developed,  except  in  the  first,  which  is  also  one- 
rooted.  Sectorial,  with  stout  inner  tubercle  as  high  as  the  anterior  lobe ; 
heel  rather  small.  First  tubercular  with  two  roots  relatively  smaller 
than  in  the  species  last  described  ;  with  two  anterior  and  one  posterior 
tubercle.  Tbe  second  tubercular  is  very  small,  and  has  a  single  sub- 
compressed  or  round  root.  It  remains  in  very  lew  specimens,  and  in  a 
1  few  has  evidently  never  existed.    A  premaxillary  with  part  of  the  max- 

1^  illary  bone  displays  parts  and  alveoli  of  two  incisors,  one  canine,  and 

\  the  first  premolar.    There  is  scarcely  any  diastema,  and  the  Ciinine  is 

compressed  oval  in  section.  The  exterior  incisor  is  quite  large,  exceed- 
ing by  several  times  the  inner  one.  The  premaxillary  bono  has  but  little 
anterior  x)rod  action. 
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Measurements. 

M. 

Length  of  molar  Beries 0.036 

Length  of  premolar  series 019 

Length  of  fourth  premolar 006 

Length  of  sectorial 009 

Width  of  sectorial 004 

Height  of  sectorial 006 

Depth  of  ramns  at  sectorial 010 

This  species  is  more  abundant  tban  all  the  other  caruivora  of  the  Col- 
orado beds  together,  and  is  the  only  one  that  bears  due  proportion  to 
the  numbers  of  rodentia,  on  which  it  no  doubt  depended  for  food. 
Slight  and  unimportant  variations  may  be  observed  among  the  numer- 
ous specimens. 

This  species  is  about  the  size  of  the  Amphicyon  graciliSj  I^eidy,  from 
the  White  Kiver  beds  of  Dakota,  and  I  suspected  at  one  time  that  I  had 
found  that  species  in  Colorado.  Dr.  Leidy  describes  that  dog  as  having 
a  two-rooted  second  tubercular  molar,  a  character  befitting  its  reference 
to  Amphicyon,  but  very  distinct  from  anything  found  in  Canis  gregarius. 
Leidy's  figure  (7-8,  PI.  v)  exhibits  also  an  equality  in  the  size  of  the  in- 
cisor-alveoli and  production  of  the  premaxillary  bone  not  found  in  the 
present  species. 

Canis  osorum,  Cope,  Synop.  Vert.  Col.,  1873,  p.  10. 

Represented  by  two  mandibular  rami  of  a  species  of  about  the  size  of 
a  weasel.  One  of  these  exhibits  four  premolars,  the  other  a  fourth  pre- 
molar with  fangs  of  a  sectorial,  and  one  or  two  tuberculars.  The  first 
premolar  is  one-rooted  and  close  behind  the  large  canine;  the  third 
exhibits  no  posterior  lobe,  and  the  crown  is  low.  The  ramus  is  shallow 
and  stout. 

In  the  second  specimen,  which  is  only  provisionally  referred  here,  the 
pix)portiou  of  the  base  of  the  crown  of  the  fourth  premolar  is  identical 
with  that  of  the  first-described  specimen.  It  exhibits  a  posterior  me- 
dian lobe.  The  succeeding  tooth  was  a  little  larger,  and  the  first  root 
following  placed  transversely  in  the  jaw. 

Measurements. 

M. 

Length  of  hoses  of  four  premolars,  (No.  1) 0.0113 

Length  of  basis  of  P.  in.  Ill 00;J0 

Elevation  of  crown  of  P.  ni.  Ill 0020 

Length  of  basis  of  crown  of  P.  m.  IV 0040 

Depth  of  rauins  of  mandible  at  P.  m.  IV 0060 

Length  of  bases  of  P.  m,  IV,  M.I : 008(5 

Depth  of  ramus  at  first  molar 0060 

BUN-^LURUS,  Cope. 

Synopsis  Vertebrata  Colorado,  1873,  p.  8.  . 

Char.  gen. — Molars  two,  the  first  sectorial  and  without  inner  tubercle; 
the  second  small,  tubercular.  Premolars  simple,  acute;  mandible  not 
widening  forsvard.  This  is  one  of  the  forms  which  associates  tbe  Felidm 
and  Mustelidw.  With  the  tubercular  tooth  of  the  latter,  the  sectorial  re- 
sembles that  of  the  cats,  in  the  absence  of  all  trace  of  the  inner  tuber- 
cle, but  is  again  weasel-like  in  the  well  developed  heel  of  the  sectorial. 
The  genus  is  probably  without  the  peculiarities  of  the  Drepanodom^  &c, 
i,  c,  the  downward  expansion  of  the  mandible,  &c.  The  genus  JElurogale^ 
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of  Delfortrie,  is  said  to  present  a  dental  structure  not  unlike  that  of 
BumvluruHj  but  I  have  not  had  the  opportunity  of  reading  his  diag- 
nosis. 

BuNiELURUS  LAGOPHAGUS,  Cope,  loc.  citj  1873,  p.  8. 

Represented  by  a  portion  of  a  mandibular  ramus,  which  carries  the 
sectorial  and  tubercular  teeth,  and  another,  more  [)erfect,  from  the  right 
side,  whicli  contains  the  two  last  pi'emolars  as  well  as  the  sectorial  ami 
tubercular  teeth.  Thus  the  number  of  premolars  is  uncertain.  Those 
preserved  are  narrowly  acuminate;  the  basal  lobesof  No. 3  quite  small. 
The  middle  lobe  of  the  sectorial  is  considerably  higher  than  the  anterior, 
and  theheel,  though  short,  is  well  developed.  Tubercular  small ;  crowu 
longitudinally  extended. 

This  feline  was  about  the  size  of  a  half-grown  cat 

Measurem^ts, 

M. 

Length  of  crowns  of  four  niolarR,  (No.  1,  immature) O.OMO 

Length  of  two  true  molars tM)rt5 

Length  of  Rectorial  tooth CM.i5t» 

Width  of  Rectorial  tooth <K>21 

Elevation  of  sectorial  tooth 0045 

Depth  of  ramus  at  sectorial  tooth OOoO 

De}»th  of  ramus  at  sectorial;  (No.  2,  adult) (XJ70 

DAPTOPniLUS,  Cope. 

Paleontological  Bnlletin,  No.  16,  p.  2. 

General  character  of  dentition  as  in  Machterodus,  but  the  mandibular 
teeth  are:  C,  1;  P.  m.,  3;  M.,  1,  a  premolar  tooth  being  added.  Sec- 
ond premolar  three-lobed;  caruassial  tooth  with  short  cutting-heel; 
tubercular  none.  Superior  canine  much  compressed,  denticulate,  not 
grooved. 

Daptophilus  squalidens.  Cope,  loc.  cit 

Established  on  a  specimen  in  which  the  permanent  sectorial  of  the 
lower  jaw  is  iirotruded,  but  the  temporary  sectorial  not  yet  displaced 
by  the  permanent  last  premolar.  Second  premolar  with  strong,  sub- 
equal  anterior  and  posterior  basal  lobes  and  two-rooted.  Enamel 
smooth. 

Sectorial  with  two  posterior  lobes,  the  lower  prominent.  Ramus 
decurved  at  symphysis.  Superior  canine  in  shape,  like  a  tooth  of  a 
shark  of  the  genus  Oxyrhina  ;  tiat  within,  slightly  convex  without;  the 
Iront  cutting-edge  turned  inward  at  the  basis ;  both  edges  denticulate. 
Tlie  fang  of  the  inferior  canine  penetrates  beyond  a  point  below  the 
first  premolar. 

Measurements. 

M. 

length  of  bases  of  three  posterior  molar  teeth 0.040 

Length  of  basis  of  second  molar  tooth .010 

Elevation  of  basis  of  crown  of  second  molar  tooth .009 

Length  of  basis  of  crowu  of  fourth  molar  tooth .017 

Elevation  of  basis  of  crown  of  fourth  molar  tooth .013 

Depth  of  ramus  at  fourth  molar  tooth 015 

Depth  of  ramus  at  second  molar  tooth .018 

Length  of  fragment  of  upper  canine .025 

Width  of  fragment  of  upper  cauiuo  at  base .011 

Size  of  the  panther. 
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Shoald  it  be  ascertained  that  this  cat  developed  a  tubercalar  molar, 
(of  which  I  can  now  find  no  trace,)  it  will  be  necessary  to  estimate  it  as 
a  second  species  of  Dinictis.  Besides  the  large  basal  lobes  of  the  second 
premolar,  the  inferior  •canine  has  an  apparently  larger  size  and  more 
I)Osterior  extent  of  the  fang;  certainly  much  greater  than  in  the  HopUh 
phoneus  oreodonti^j  which  resembles  the  I>iniciu  felina  in  this  region  ex- 
teriorly. In  accordance  with  the  continuation  of  the  canine  alveolus, 
the  inferior  border  of  the  jaw  is  rounded,  and  though  Hared  on  the  outer 
margin  for  the  large  superior  canine,  it  is  not  truux;ate  as  in  the  saber- 
toothed  tigers  generally.  Coincidentally  the  sui>erior  canine  is  reduced 
in  size,  being  relatively  shorter  than  in  i>.  felina. 

HOPLOPHONEUS,  Cope. 

BuUetin  U.  S.  Geological  Survey  Terrs.,  No.  1,  p.  23, 1874. 

Char,  gen, — Dental  formula  of  mandible,  I.,  3;  C,  1;  P.  m.,  2  ;  M.  2. 
Superior  canine  greatly  developed;  end  of  mandible  expanded  and  thick- 
ened to  protect  it. 

This  is  simply  Ma^hccrodtis  with  a  tubercular  molar,  as  in  DinictiB,  The 
dental  formula  is  the  same  as  that  of  Bunwlurus^  but  the  latter  proba- 
bly has  the  character  of  Felis  in  its  anterior  dentition. 

HoPLOPnoNEUS  OBEODONTis,  Cope ;  Machcerodus  oreodontis,  Cope,  Sy- 
nop.  New  Vert.  Col.,  1873,  p.  .9. 

Char.  »pe(^if. — The  species  was  established  on  a  young  individual  with 
part  of  the  temporary  dentition  remaining.  A  jaw  of  an  adult  furnishes 
additional  characters.  The  first  premolar  (the  third)  has  two  roots  and 
is  as  large  as  the  second,  instead  of  being  smaller,  as  in  Brepanodon 
primwvttJi.  The  second  (fourth)  has  a  prominent  anterior  basal  tubercle, 
as  in  the  last-named  species,  but  which  is,  according  to  Leidy,  wanting 
or  very  small  in  Binictis  felinu.  The  anterior  angle  of  the  mandible  is 
not  produced  downward  so  much  as  in  the  Drepandony  but  is  more  as 
in  IHn'ctk  felina,  with  which  the  present  species  agrees  nearly  in  size. 
The  diastema  is  Acry  short  and  rises  to  the  base  of  the  large  inferior 
canine.  There  is  a  mental  foramen  below  the  anterior  root  of  the  first 
premolar,  and  two  vascular  foramina  on  the  front  face  of  the  ramus,  one 
above  the  other.  In  the  form  of  the  second  premokir,  this  species  re- 
sembles Drepanodon  occidentalism  Leidy;  but  that  species  is  supposed  not 
to  possess  the  tubercular  molars,  and  is  nearly  twice  the  size  of  the  pres- 
ent animal. 

Measureinents. 

M. 

Length  of  ramus  to  end  of  molar  series 0.065 

Length  of  molar  series 048 

Length  of  base  of  lirst  premolar 014 

Length  of  base  of  sectorial 017 

Depth  of  ramus  at  sectorial 017 

Depth  of  ramus  at  diastema 024 

Depth  of  ranms  at  symi)hysis 0^ 

The  second  specimen  is  imm<ature,  and  presents  the  following  charac: 
ters.  It  is  represented  by  an  incomplete  manibular  ramus  of  the  right 
side,  containing  two  incisors,  and  the  deciduous  sectorial,  with  portions 
of  other  teeth.  The  incisors  are  very  stout,  and  exhibit  slightly  curved 
conic  crowns,  with  a  serrulate  cutting-edge  on  the  inner  face.  The  sec- 
torial tooth  has  the  elevated  acute  anterior  lobe,  which  forms  with  the  me- 
dian lobe  the  usual  sectorial  shear.    Posteriorly  to  the  median,  thei*c  are 
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two  acato  lobes,  tbe  third  as  high  as  the  anterior,  while  the  fonrtli  nearly 
reaches  the  line  of  the  base  of  the  anterior  notch.  There  is  no  anterior 
basal  lobe.  The  sectorial  wa«  of  large  size,  judging  by  the  alveolus. 
The  first  premolar  was  also  large  and  two-rooted.  The  alveolus  for  the 
inferior  canine  is  flat  on  the  inner  side.  The  increasing  anterior  deiith 
of  the  ramus  indicates  an  expansion  for  the  protection  of  the  lar^e 
superior  canine. 

From  the  same  locality  as  the  last.  About  the  size  of  the  Canada 
lynx. 

Measurements. 

M. 

Length  of  bases  of  crowns  of  premolars  I  and  II 0.0210 

Length  of  bases  of  crowns  of  premolar  II 0110 

Elevation  of  crown  of  premolar  II 01 10 

Elevation  of  crown  of  incisor  II 0055 

Diameter  of  crown  of  incisor  II 0035 

Leujfth  of  diastema  behind  canine 0110 

QUADRUMANA. 
MElN^OTnERIPM,  Cope. 

Bulletin  U.  S.  Geological  Survey  of  Terrs.,  No.  1, 1874,  p.  22. 

This  new  genus  is  probably  quadrumanous,  and  allied  to  the  lemurs ; 
but  as  I  only  possess  portions  of  two  mandibular  rami  with  dentition,  a 
more  exact  determination  will  be  looked  for  with  interest.  It  is  the 
first  indication  of  the  existence  of  monkeys  in  tlie  Miocene  formation  of 
the  United  States. 

There  are  at  least  two  premolars  and  three  molars  in  the  inferior  se- 
ries ;  those  suiterior  being  lost  in  the  specimens.  The  last  premolar  is 
somewhat  sectorial  in  form,  having  a  compressed  but  stout  median  cusp, 
a  broad  heel  behind,  and  a  small  tubercle  in  front.  The  last  molar  is 
rather  smaller  than  the  others,  and  with  a  slight  posterior  or  tifch 
tubercle.  The  molars  support  four  tubercles  nearly  opposite,  in  pairs, 
and  connected  by  a  diagonal  crest,  so  that  when  the  crown  is  worn  an 
S  shaped  figure  results.  The  two  alveoli  in  front  of  the  last  premolar 
may  have  contained  each  a  separate  tooth,  or  a  single  tooth,  longer  than 
any  of  the  others.  The  genus  is  apparently  allied  to  the  Leptockcerus 
of  Leidy. 

Menotherium:  leiviueinum.  Cope,  loc.  cit.,  January,  1874. 

Char,  specif. — The  last  premolar  is  longer  than  any  of  the  molars. 
There  are  no  cingula  on  the  molars,  but  the  transverse  crest  from  cue 
of  the  tubercles  descends  to  the  side  of  that  opposite  to  it,  along  the 
end  of  the  crown.    Enamel  smooth.    Ramus  of  the  jaw  rather  elongate. 

Measurements. 

M. 

Length  of  bnses  of  six  molars 0.0250 

Leugth  of  biises  of  true  molars Ol'JO 

Length  of  basis  of  lirst  true  molar 0040 

Width  of  basis  of  iirst  true  molar 0032 

Li*ngth  of  basis  of  last  premolar 0052 

Width  of  basis  of  last  premolar 00:^0 

Depth  of  ramus  at  last  iiremoLar 0000 


This  animal  was  about  as  large  as  the  domestic  cat. 
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TBSTUDINATA. 
TESTUDO,  Linn. 

Eemaiu8  of  species  of  this  genas  are  very  abundant  in  the  Miocene  of 
Colorado,  and  present  much  greater  variety  of  structure  than  do  the  tor- 
toises of  the  White  River  beds  of  Dakota.  This  is  most  strikingly  seen 
in  the  forms  of  the  lobes  of  the  plastron,  which  may  be  flat  and  trun- 
cate, deeply  bifurcate  or  produced  into  a  wedge-shaped  process.  I  have 
distinguished  four  species,  as  follows : 

Testudo  CULTRA.TUS,  Copc,  Pal.  Bull.,  No.  15,  p.  6. 

This  species  introduces  several  from  the  same  formation  as  the  Pelto- 
sauruSy  which  agree  with  the  existing  genus  Testudo  in  their  short,  stout 
metapodial  and  phalangeal  bones,  and  single  anal  scutum  of  the  cara- 
pace. 

In  the  present  species,  the  prominent  peculiarity  is  seen  in  the  form  of 
the  lip  of  the  anterior  lobe  of  the  plastron,  each  half  of  which  is  an 
elongate  pyramid,  its  depth  and  width  being  equal.  The  marginal  bones 
were  short,  stout,  and  recurved.     Length  of  carapace  nearly  18  inches. 

Testudo  laticuneus,  Cope,  Pal.  Bull.,  No.  15,  p.  6. 

In  this  species,  the  anterior  lip  of  the  lobe  of  the  pListron  is  very 
prominent  and  wedge-shaped,  and  with  dentate  margin,  and  is  flat  and 
thin.  The  posterior  lobe  is  subtruncate.  The  mesosternal  bone  is  hex- 
agonal and  broader  than  long,  and  is  pointed  behind.  The  pygal  bone 
is  triangular,  and  the  anal  marginal  is  convex  in  both  sections  and 
abbreviated  below.  Each  marginal  bone  behind  the  bridge  presents  a 
mucro,  where  a  dermal  suture  reaches  the  margin.  Anal  scutum  very 
wide.  All  the  sutures  double  lines.  Length  from  18  inches  to  2  feet; 
width  two-thirds  the  length.    Carapace  rather  flattened. 

This  is  the  most  abundant  species  of  the  formations ;  several  good 
specimens  obtained. 

Testudo  amphithorax.  Cope,  Pal.  Bull.,  No.  15,  p.  6. 

Anterior  lobe  of  plastron  broadly  truncate,  scarcely  lipped;  pos-* 
terior  lobe  openly  emarginate.  Mesosternum  longer  than  broad,  acute 
in  front,  very  obtuse  behind.  All  the  sutures  simple.  Anal  marginal 
shortened  l>ut  convex.  Form  depressed.  Length  and  width  as  in  the 
last. 

Testudo  ligonius,  Cope,  Pal.  Bull.,  No.  15,  p.  6. 

Posterior  lobe  of  plastron  produced  into  two  flattened,  sharp-edged, 
wedge  shaped  processes,  separated  by  a  deep  notch,  as  in  Hadrianus 
corsoniL  Marginal  bones  behind  very  wide,  or,  considered  separately, 
long  and  narrow,  with  a  step-like  angle  and  notch  where  the  scutal 
suture  reaches  the  margin. 

The  form  of  the  anterior  lobe  of  the  plastron  is  yet  uncertain,  though 
fragments  found  with  the  type  resemble  that  of  T.  laticuncus.  At  least 
three  incomplete  specimens  obtained. 

STYLEMYS,  Leidy. 

S  TYLEMYS  NEBRASCENSis,  Leidy  J  Testiulo  nebra^censisj  Leidy,  Report 
Geol.  Surv.  Terrs.,  (4to,)  vol.  i,  p.  339. 
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LACERTILIA. 
PELTOSAURUS,  Cope. 

Palentol.  Bulletin,  No.  15,  p.  5. 

Preiuaxill.'iry  undivided,  with  spine;  a  zygomatic  poatorbital;  and 
parieto-qurtdrate  arches.  Teeth  pleurodont,  with  obtuse,  compressed 
crowns,  of  similar  form  on  all  the  jaw-bones.  Body  covered  with 
osseous  scuta,  which  are  in  places  united  by  suture.  Vertc^bra^  de- 
pressed, with  simple  articulations.  Median,  hexagonal,  dermal  scuta 
on  the  parietal  bone.    Parietals  united. 

There  are  sufficient  remains  of  the  typical  species  of  this  genus  to 
furnish  a  basis  for  an  estimation  of  its  affinities,  a  point  of  some  inter- 
est, as  this  has  been  seldom  if  ever  done  in  the  case  of  a  terrestrial 
lizard  of  the  Miocene.  The  primary  group  to  which  it  is  to  be  referred 
is  not  difficult  to  determine.* 

Tbe  frontal  and  parietal  bones  are  each  undivided,  and  there  is  no 
fontanelle  in  either  or  their  common  suture.t  There  is  a  large  post- 
frontal,  and  the  usual  cranial  arches  are  present,  and  the  quadrato-jugal 
absent.  The  frontal  possesses  strong  lateral  inferior  crests,  but  whether 
they  undenirch  the  olfactory  tube  completely  the  specimen  does  not 
show.  All  the  usual  elements  of  the  mandibular  ramus  are  present, 
but  the  angular  is  very  narrow.  The  dentary  does  not  extend  behind 
the  coronoid  on  the  external  face  of  the  jaw.  The  coronoid  is  little  pro- 
duced either  forward  or  backward  above,  but  sends  a  process  forward 
on  the  inner  face  of  the  dentary.  The  splenial  is  well  developed  but 
becomes  very  slender  anteriorly ;  it  covers  the  meckelian  groove  except 
for  a  short  space  distally,  where  it  furrows  the  inferior  aspect  of  the 
jaw.  The  surangular  is  quite  peculiar;  it  is  massive,  and  lacks  the 
usual  deep  fossa  for  the  pterygoid  muscle,  and  has  a  broadly  truncate 
superior  margin.  It  is  in  the  same  vertical  i)lane  as  the  dent^iry,  and 
not  oblique  or  subhorizontal  as  in  most  Oecconidw.  The  dental  foramen 
is  small  and  pierces  its  inner  face.  The  posterior  angle  of  the  ramus 
is  broken  oil'. 

The  characters  of  the  x)remaxillary  bone,  fontanelle,  dentition,  coro- 
noid, dentary,  splenial  bones,  and  Meckelian  groove  place  this  genus 
outof  the  pale  of  the  acrodont  families.  The  parietals  and  vertebraj 
are  distinct  from  iinything  known  among  the  geccos.  There  is  no  re- 
sem bl a n(;e  in  essentials  to  the  Aviphisba*nla,  so  that  we  must  look  for 
its  phice  among  the  numerous  pleurodont  families,  llere  the  absence 
of  the  knowledge  of  the  periotic  bones  and  sternum  somewhat  em- 
barrasses us ;  but  other  indications  are  clear.  The  coincidence  of  the 
want  of  parietal  fontanelle  with  the  lateral  frontal  plates  refers  us  at 
once  to  the  Leptoglossa  or  Diploglosm  ;  a  reference  confirmed  by  the 
simple  frontal  and  strong  cranial  arches.  The  massive  form  of  the  sur- 
angular bone,  and  reduction  of  the  angular,  at  once  distinguishes  Pelto- 
sauruft  from  any  known  family  of  the  tribe  Leptoglossa,  and  constitutes 
a  point  of  near  resemblance  to  the  Gerrhonotidcc,  This  appears  to  be  a 
real  affinity,  which  is  further  confirmed  by  the  presence  of  a  synunetri- 
cal  dermal  scutellation  on  the  top  of  the  head. 

Referring  Peltosaurus,  therefore,  provisionally  to  the  Oerrhonotid(c,  it 

*  S(.v  the  anthor'8  Ostoological  Characters  of  the  Scaled  Reptiles,  in  Proceediugs  Aca- 
demy Plnl;ul(?li)hia,  18iU,  p.  224. 

t  What  I  originally  thought  was  suoh  is  a  foramen-like  sinus  in  tho  posterior  margin 
of  the  parietal. 
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remains  to  consider  the  generic  characters.  The  temporal  fossa  was 
not  roofed  over  by  true  bone,  though  the  border  of  the  postfroutal 
encroaches  on  it;  and  it  is  rather  small.  The  orbits,  on  the  other  hand, 
are  large,  and  the  malar  bone  forms  a  segment  of  a  circle.  The  parietal 
thins  out  behind,  and  its  posterior  border  has  a  snbround  excavation. 
The  two  median  dermal  scuta,  which  left  their  impressions  on  the  parie- 
tal bone,  represent  the  intei^arietal  and  postiuterparietal  plates  re- 
spectively ;  the  latter  especially  characteristic  of  the  Oerrhonotidw,  and 
not  found  in  leptogloss  or  diplogloss  families  generally ;  those  possess- 
ing it  being  the  Lacertidce  in  the  former,  and  Anguidce  in  the  latter. 
The  most  prominent  character  which  distinguishes  this  genus  from 
Oerrhonotus  is  the  existence  of  the  osseous  scut^  which  covered  the 
body.  Even  the  form  of  these  is  similar  to  tlie  corresponding  dermal 
scuta  of  the  existing  genus. 

Peltosaubus  GRANULOSUS,  Copc,  Pal.  Bull.,  No.  15,  p.  6. 

Indicated  by  considerable  portions  of  a  skeleton,  which  I  excavated 
from  the  matrix.  Parietal  bone  broad  and  flat,  frontal  little  narrowed, 
gently  convex,  both  with  finely  granular  upper  surface.  Scuta  not 
keeled,  finely  granular.  Number  of  teeth  on  premaxillary  bone,  7; 
teeth  on  dentary,  10  in  O'^.OIO.    Surfaces  of  dentary  smooth. 

Measurements. 

M. 

Median  width  of  parietals 0.0140 

Median  width  of  frontals 0080 

Length  of  niandibalar  ramus  to  cotylos 0400 

Diameter  of  vertebral  centrum,  (transverse) 0030 

Length  of  vertebral  centrum 0055 

Size  about  that  of  the  American  Reloderma. 

EXOSTINUS,  Cope. 

Synopsis  New  Vert.  Colorado,  p.  16. 

Char.  gen. — ^This  form  of  lizard  is  represented  principally  by  a  nearly 
entire  frontal  bone.  Close  to  it  were  found  a  zygomatic  bone  and  a 
nearly  complete  dentary  bone  with  the  teeth.  The  former  is  in  all 
respects  appropriate  to  the  frontal  bone,  and  the  Size  of  the  dentary  bears 
the  usual  relation  of  size  to  the  same.  Its  dentition  is  appropriate  to 
the  affinities  of  this  genus  to  Peltosaurus,  Cope. 

The  frontal  bone  is  much  narrowed  between  the  orbits,  as  in  recent 
leptogloss  Pleurodontaj  while  the  olfactory  lobes  were  almost  as  com- 
pletely underarched  as  in  the  thecagloss-type.  The  stout,  well  developed 
zygomatic,  with  malar  process,  resembles  the  former  group,  and  the  teeth 
have  a  similar  structure.  These  are  closely  placed,  truly  pleurodont 
and  subcylindric.  The  crowns  are  simple,  compressed,  and  with  a  con- 
vex edge.  They  are  similar  in  form  throughout  the  dentary  bone. 
Cranial  bones  covered  with  symmetrical  osseous  prominences. 

These  details,  so  far  as  they  go,  resemble  those  of  Peltoaaurus^  and 
Exostinus  is  doubtless  to  be  referred  to  the  same  natural  tribe  of  lizards, 
the  IHploglossa.  The  rugosities  of  the  cranium  indicate  its  greater 
resemblance  to  Heloderma  than  to  OerrJionotms^  but  the  teeth  are  much 
more  like  those  of  the  former  genus  than  the  latter.  This  genus  and 
Peltomurus  constitute  our  first  definite  knowledge  of  the  extinct  forms 
of  Biploglossa. 

33  as 
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EXOSTINUS  SERRATUS,  CopC,  loc.  cit. 

Char,  specif. — A  series  of  tubercles  aloDg  each  supra-orbital  borden 
longitudinal  at  the  front,  quadrate  at  the  back  part  of  tbe  eyebrow.  A 
single  series  of  tubercles  separates  them.  Five  tubercles  in  a  trans- 
verse row  at  the  posterior  margin  of  the  frontal.  Two  series  of  llat 
tubercles  on  the  zygomatic  bone.  Dentary  quite  convex  on  outer  face ; 
inner  face  slightly  convex  5  8  teeth  in  0™.0050. 

Measurements. 

Length  of  froDtal,  (nearly  complete) 0.0070 

Width  of  frontal  posteriorly 00:J4 

Width  of  frontal  at  post-orbital  point 0045 

Width  of  frontal  between  orbits 0018 

Xieugth  of  zygomatic 0070 

■Depth  of  dentary  at  last  tooth OOW 

Xength  of  a  maudibalar  tooth 0018 

About  the  size  of  the  common  eastern  seine,  [Eumeces  fasciatus.) 

ACIPRION,  Cope. 

Synopsis  Vert.  Colorado,  p.  17. 

Char.  gen. — Represented  by  a  dentary  bone,  with  nearly  all  of  the 
tet»th  remaining.  A  groove,  apparently  the  Meckelian,  extends  along 
the  inferior  border  of  the  distal  half  of  the  bone.  The  teeth  are  tnily 
pleurodont,  closely  placed,  and  cylindric,  with  compressed  crowns.  The 
latter  supports  a  large  median  and  two  small  lateral  cusps,  three  in  all. 

AciPRiON  FORMOSUM,  Cope,  loc.  cit 

Char.  Hi)ecif. — The  crowns  project  well  above  the  alveolar  border. 
External  face  of  dentarv  smooth,  with  rather  distant  foramina.  Ten 
and  a  half  teeth  in  0°».0050. 

Measurements. 

Depth  of  dentary  at  middle 0.0022 

Length  of  a  median  tooth 0018 

Elevation  of  same  above  alveolus .0010 

This  apecies  is  about  the  size  of  our  Cnemidophori.  From  all  the 
genera  oi  this  group,  Aciprion  dift'ers  in  the  uniform  chara<;ter  of  the 
teeth,  there  being  no  simple  teeth  in  the  front  of  the  series  so  far  as 
preserved.  A  jaw^-fragment  probably  represents  a  second  species  of  this 
genus. 

DIACIUM,  Cope. 

Synopsis  Vert.  Colorado,  p.  17. 

Establisbe<l  on  the  sacral  vertebra  of  a  large  lizard,  which  presents 
such  peculiarities  as  to  indicate  that  its  atlinities  are  remote  from  those 
above  described. 

The  diapophysis  is  subcylindric  and  elongate.  Centrum  concave  be* 
low ;  neural  arch  llat  above.  Articulation  without  zygospheno  or  rudi- 
ment of  it ;  zygapophyses  oblique,  the  arch  deeply  excavated  betweeu 
the  anterior  ones.    Obliquity  of  ball  infenorly. 

DiACIUM  QUINQUEPEDALE,  CopC. 

Char,  specif. — Two  hy[)apophy8ial  tubercles  below  the  ball.  Centra 
slightly  depressed,  the  cup  excavated  above  and  below.    An  angula- 
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tion  extends  backward  from  each  anterior  zygapophysis ;   the  nearal 
arch  between  them  flat  on  the  anterior  half. 

Measurements. 

M. 

Lenj2^tb  of  centmm  below 0.0100 

Diameter  of  articular  cup,!  t-°-«se  -;-.............  „^  '^ 

Diameter  of  baue  of  diapopbysis 0044 

Width  between  anterior  zygapopbyaes 0098 

Width  of  npper  x>lane  of  nenral  arch , 0078 

This  species  is  as  large  as  any  of  the  existing  species  of  Varanidw. 

CREMASTOSAURUS,  Cope. 

Synopsis  Vert.  Colorado,  1873,  p.  18. 

Established  on  vertebra?,  which  differ  from  those  of  Peltosaurus  in  the 
absence  of  the  sharp  ridges  which  connect  the  anterior  zygapophyses 
with  the  posterior  in  the  dorsal  vertebra?.  They  are  better  developed 
in  the  cervical  region.  The  species  of  this  genus  which  are  known  are 
ntermediate  in  size  between  those  of  Peltosaurus  on  the  one  hand  and 
ExostinuH  and  Aciprion  on  the  other. 

Dorsal  vertcbraj  without  zygosphene. 

The  neural  arch  is  cai)acious  in  the  cervical  region,  and  each  neurapo- 
physis  is  excavated  below  the  posterior  zygapophysis,  and  sending  a 
ridge  downward  and  backward  round  the  centrum,  continuing  as  a  low 
shoulder  on  the  interior  face.  Diapophysis  with  a  single  narrow  capit- 
ular articulation,  extending  obliquely  downward  and  forwai*d  5  that  of 
the  third  vertebra  smaller.  Axis  with  an  elevated  neural  arch,  with 
obtuse,  inferior  carina.  Odontoid  a  cresceniic  element,  with  a  transverse 
groove  on  its  anterior  face.  All  the  centra  with  an  obtuse  but  promi- 
nent hypapoi)hysial  keel. 

• 

CREMASTOSAURUS  CARINICOLLIS,  CopC,  loc.  cit.j  p.  18. 

Ball  of  sixth  cervical  vertebra  round.  Neural  arches  broad,  each  with 
a  low,  acute  keel  for  spine,  which  is  elevated  on  the  third,  and  produced 
roof-shaped  backward  and  forward  on  the  axis.  The  costal  articula- 
tions are  not  produced  below  the  centrum. 

Measurements. 

M. 

Length  of  cervical  vertebrje  II  to  VI 0.0140 

Length  of  axis 0038 

Elevation  of  axis  behind 0047 

Diameter  of  odontoid,  (in  front) 0034 

Length  of  c.  VI 00*29 

Diariieter  of  ball  of  same 0011 

Total  elevation  of  same 0030 

The  dorsal  vertebra?,  which  are  appropriately'  associated  with  the  cer- 
vicals,  have  transversely-oval  articular  faces,  and  centra  without  infe- 
rior keel  or  ridge.  The  vertebroB  are  all  dorsal,  hence  the^diapophyses 
have  the  usual  form  in  the  order  for  costal  articulation,  and  do  not  pro- 
ject as  tar  inferiorly  as  the  plane  of  the  lower  face  of  the  centrum.  It 
doesnot  project  beyond  the  anterior  zygapophysis,  and  the  lower  half  is 
especially  developed  as  the  costal  condyle.  Neural  spine  a  keel  extending 
from  the  front  of  the  arch  and  rising  into  a  short  apex  above  the  articu- 
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lar  ball.    There  is  a  collar  round  the  ball,  which  is  faintly  visible  on  th< 
inferior  side. 

Measurements. 

Lenfi^th  of  centrum 0.004( 

Width  of  cap OOU 

Depth  of  cup OOIC 

Elevntiouof  nenraJ  arch  anteriorly 001£ 

Elevation  of  uearal  spine  and  arch  posteriorly 004^ 

Total  expanse  in  front 0047 

The  dorsals  represent  several  individuals. 

Cremastosaurus  unipedalis,  Cope;  Biucium  unipedaU^  Cope,  Syn- 
op.  Vert.  Col.,  p.  18. 

Bepresented  by  a  sacral  vertebra  of  an  individual  smaller  than  any  of 
those  of  the  last-described  species,  and  characterized  by  the  unusual 
protuberance  of  the  articular  ball  and  absence  of  flattening  of  the  cen- 
trum below.  Centrum  depressed ;  plane  longitudinally  convex  in  trans- 
verse section.  An  annular  groove  round  the  ball.  Diapophysis  elon- 
gate, slightly  depressed. 

Measiirements. 

Length  of  centrum 0.0034 

Diameter  of  CUD  5  transverse 0020 

iJiameier  01  cup,  ^  ^^j.^j^j ^^^ 

PLATYBHACHIS,  Cope. 

Synopsis  Vert.  Colorado,  p.  19. 

Char.  gen. — Dorsal  vertebne  united  by  the  zygosphene,  as  well  as  the 
usual  articulation.  (Centrum  much  depressed,  flat  below.  Neural  arch 
depressed,  an  angle  connecting  the  zygapophyses.  Neural  spine  a  keel, 
projecting  beyond  the  posterior  margin  in  a  mucro. 

Platyrhachis  goloradoensis.  Cope,  lac.  city  p.  19. 

Char,  specif. — Ball  truncate  below  its  convex  face,  looking  slightly 
upward.  Costal  capitular  surface  semiglobular  directly  below  the  an- 
terior zygapophysis.    Neural  arch  concave  between  zygapophyses. 

Measurements. 

M. 

Length  of  three  dorsal  vertebno 0.0070 

Length  of  one  dorsal  vertebra 002S 

Tk;A*»^4>^.  »f  i«»ii  5  transverse 0014 

Diameter  of  ball,  J  ^,^rt.^^j ^^^ 

Elevation  of  vertebra 0019 

Width  between  zygapophysis 0025 

The  size  of  this  species  is  similar  to  that  of  the  two  species  already 
described  from  teeth ;  but  the  vertebral  articulation  is  not  appropriate 
to  Exostinus  with  existing  lights. 

OPHIDIA. 

NEURODROMICUS,  Cope. 

Synopsis  Vert.  Colorado,  p.  15. 

Char.  gen. — Centrum  small,  with  a  prominent  tnincate  hypapophysis. 
Neural  arch  capacious,  the  zygantrum  wider  than  the  articular  cup. 
Neurapophyses  bounding  the  canal  laterally  below  the  zygosphene ;  its 
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border  not  angalate  behind.     Parapopbysis  projecting  acutely  below 
centrum.    An  elevated  neural  spine. 

Neueodromicus  dorsalis,  Cope,  loo.  oit. 

Char.  «pect/.— Articular  surfaces  of  centmm  round ;  the  ball  with  a 
slightly  upward-looking  obliquity.  Hypapophysis  continued  to  cup  as  a 
prominent  carina.  A  ridge  connecting  zygapophyses.  Neural  spine 
extending  its  base  forward,  so  as  to  stand  on  the  entire  length  of  the 
neural  arch. 

Measurements. 

M. 


Length  of  centrnm 0.0045 

Tki^^rw^^*^^  ^^^^.x  S  vertical 0020 

Diameter  of  cup,  I  ^^^^^^^^ ^.^^ 

Elevation  of  neural  spine  above  centrum 0055 

Elevation  of  neural  spine  above  neural  arch 00^ 

Length  of  hypapophysis  below  centrum 0012 

Width  of  hypapopnysia 0011 

The  zygantrnm  is  capacious,  and  the  whole  neural  arch  open  aud 
light.  The  species  was  about  the  size  of  the  black  snake,  {Bascanium 
constrictor.) 

Oalamagras,  Cope,  loc.  cit. 

Char.  gen. — An  obtuse  hypapophysialkeel  most  prominent  posteriorly. 
No  ridge  trom  the  zygosphene^  that  from  the  parapophy sis  wanting  or 
rudimental.  Neural  spine  posterior,  short,  and  obtuse.  Neural  arch 
not  produced  posteriorly;  zygosphene  wider  than  articular  cup.  Artic- 
ular surfaces  moderately  oblique.  A  concavity  separating  the  articular 
surfaces  of  the  diapophysis  and  parapopbysis. 

This  genus  differs  from  Boavusj  as  described  by  Marsh,  in  the  absence 
of  ridges  and  concavity  of  parapophysis. 

Galamaoras  murivorus,  Cope,  loc.  city  p.  15. 

CJuir.  specif. — Articular  surfaces  a  broad  transverse  ellipse.  Hypapo- 
physis terminating  in  an  appressed  point.  No  inferior  lateral  ridge  on 
centrum ;  a  trace  of  one  on  the  posterior  part  of  neural  arch. 

Measurements. 

M. 

Length  of  centrum 0.0030 

Width  of  ball 0017 

Depth  of  baU 0013 

Width  between  parapophyses 0023 

Depth  of  entire  vertebra 0040 

Represented  by  six  consecutive  vertebr®.  Size  that  of  the  water- 
snake,  {Tropidonotus  sipedon.) 

Calamagras  truxalts.  Cope,  loc.  cit.^  p.  15. 

Smaller.  Articular  surfaces  more  oblique.  Neither  centrum  nor  arch 
with  ridges ;  hypopophysis  low,  without  apical  point.  Parapophysial 
surface  very  short  vertically. 

Measurements. 

Length  of  centrum 0.0027 

Width  of  baU 0016 

Depth  of  baU 0011 

Width  between  parapophyses OOCO 

Depth  of  entire  vertebra 00o4 

Size  of  the  garter-snake;  four  vertebra  preserved. 
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Calamagras  akgulatus,  Cope,  Joe.  ciU  p.  IG. 

Tlie  largest  species,  distinguished  by  the  pi-esence  of  a  low  ridp^e  on 
the  centrum  from  the  parapophysis  to  the  middle  of  the  centrum.  Neu- 
ral spine  00  the  iwsterior  half  of  the  neural  arch  short,  truncate.  Hy- 
papophysis  short,  ending  in  an  obtuse  point.  Parapopliysis  larger  than 
in  other  species,  nearly  equal  to  the  diapopbysis. 

Measurements. 

M. 
Length  of  centrnm 0.0030 

Width  hetween  purapophyses 00*34 

Depth  of  entire  vertebra 0045 

Aphelophis,  Cope,  loc.  city  p.  J  G. 

Char,  gen. — Similar  to  thepreceding  in  the  absence  of  acuminate  diapo- 
physial  process,  the  zygosphene  exceeding  the  articular  extremity  in 
"Width,  and  the  siujplicity  of  the  posterior  border  of  the  neural  arch. 
There  are  no  longitudinal  ridges,  the  hypapophysis  being  entirely  want- 
ing. The  articular  faces  of  the  parapophysis  and  diapophysis  coutinu* 
ous  without  intervening  concavity. 

Aphelophis  talpivorus.  Cope,  loc.  cit,  p.  IG. 

Char,  specif, — Vertebra?  short  and  wide  5  the  neural  spine  stouter  and 
more  obtuse  than  in  any  other  species  here  described,  occupying  less 
than  half  the  neural  arch  with  its  basis.  Zygosphene  wide,  depressed, 
with  nearly  straight  posterior  margin,  not  sending  any  ridge  backward 
from  the  posterior  face.  Articular  faces  of  centrum  a  depressed  oval ; 
ball  looking  upward,  its  axis  making  45^  with  that  of  the  centrum, 
Parapophysis  not  projecting  below  centrum. 

Measurements. 

M. 

Length  of  centrum 0.0026 

"n;««,^f..^  ^f  «««o   S  transverse 0018 

Diameter  of  cups,  I  ^,^^j^^j ^^^ 

Width  between  parapophyses 0017 

Dei)th  of  entire  vertebra 0034 

Width  of  zygosphene OO'iO 

Represented  by  three  vertebrae  of  an  individual  about  the  size  of  C 
truxalis. 


CHAPTER   V. 

THE    LOUP   I^ORK    EPOCH- 

In  the  Pliocene  strata  already  described,  mammalian  remains  are 
exceedingly  abundant  over  limited  areas;  those  of  horses  in  an  especial 
manner.    Those  obtained  are  as  follows : 

Species. 

Carnivora -  -  •  4 

Perissodactyla 8 

Artiodactvla 7 

Proboscidia 1 

Testudinata 1 

Total 21 
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Tbe  most  important  paleontolo^ical  results  are,  (\)  tbe  discovery  that 
the  camels  of  tliis  period  possessed  a  full  series  of  upper  iiicisorteeth ; 
(2)  that  the  horses  of  the  geuus  Protohippus  are,  hke  those  of  Hippothe- 
rittnij  three-toed  ;  (3)  that  a  Mastodon  of  the  M.  ohiotwus  typo  existed 
dnriug  the  same  period. 

List  of  species. 

CARNIVORA. 

CANIS,  Liun. 
Canis,  sp.  incerta. 

Represented  by  a  portion  of  the  left  ramus  of  the  mandible,  which  con- 
tains alveoli  for,  and  portions  of,  I.,  3 ;  C,  1 ;  and  P.  m.,  4.  The  incisors 
are  closely  crowded  by  the  huge  canines,  which  have  hirger  proportions 
than  dogs  generally,  resembling  more  those  of  the  bears,  or  large  feline 
carnivora.  The  first  premolar  is  one-rooted,  and  separated  by  a  long 
diastema  from  the  canine.  The  second  premolar  is  two-rooted,  and 
separated  from  the  first  by  a  short  diastema.  The  third  is  also  se])arat- 
ed  by  a  diastema  from  the  second,  which  exceeds  that  in  front  of  the 
latter.  The  fourth  follows  the  third  immediately.  The  mental  foramina 
are  two,  one  large,  below  the  first  premolar,  the  other  smaller,  but  lit- 
tle below  the  alveolar  margin,  opposite  the  posterior  margin  of  the  sec- 
ond premolar. 

Memurements. 

M. 

Length  of  fragment 0.175 

Length  from  incisors  toP.  m.  4 .095 

Length  of  basis  of  P.  m.  3 .017 

Length  of  basis  of  P.  m.  2 OK 

Vortical  diameter  of  canine  at  basis 0*^ 

Length  of  symphysis 075 

Depth  of  ramus  at  P.  m.  2 047 

This  large  species  is  about  as  large  as  the  Canis  hay denii  of  Leidy,  and 
may  be  identical  with  it.  It  is  characterized,  among  dogs,  by  the  weak- 
ness of  its  premolars  as  much  as  by  the  strength  of  its  canines. 

Canis  s^vus,  Leidy,  Anc.  Fauna  Neb.,  p.  28. 

TOMARCTUS,  Cope. 

Paleontological  Bulletin,  No.  14,  p.  1. 

Established  on  a  mandibular  ramus,  supj)orting  a  perfect  carnassial 
tooth  and  fangs  of  the  following  dentition  :  C,  1  ;  M.,  4 ;  the  last  incom- 
plete ;  hence  the  number  of  posterior  teeth  unknown.  The  ramus  is  much 
narrowed  in  front.  The  carnassial  has  an  inner  tubercle  within  and  l)e- 
hiud  the  median  lobe,  and  a  large  posterior  heel  supporting  both  inner 
and  outer  tubercles.    The  succeeding  tooth  was  wide. 

This  genus  is  apparently  one  of  the  Canidw.  The  carnassial  tooth  is 
identical  with  that  of  the  genus  Cania^  but  the  existence  of  only  two 
premolars  in  advance  of  it  is  a  feline  rather  than  canine  character. 
The  jaw  diminishes  rapidly  in  size  anteriorly,  and  the  fragment  contains 
part  of  the  fang  of  a  large  canine  tooth,  whose  crown,  like  that  of  the 
two  succeeding  teeth,  is  broken  off.  The  form  was  evidently  a  short- 
laceil  type  of  dog,  concerning  which  additional  information  will  be 
looked  lor  with  interest. 
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TOMAROTUS  BREViROSTRis,  Cope,  Pal.  Bull.,  1^0.  IG,  p.  2. 

Secoud  j)remolar  two-rooted.  Anterior  half  of  the  caniassial  with  the 
usual  sectorial  structure;  the.  auterior  lobe  the  smaller.  The  inner 
tubercle  about  the  same  height.  The  heel  coustitates  one-third  the 
length  of  the  tooth,  and  its  lateral  tubercles  are  angular ;  the  posterior 
low.    Enamel  slightly  rugose. 

Measureinents. 

M. 

Length  of  first  three  molarH 0.041 

Length  of  third  molar,  (camassial) 0:i3 

Elevation  of  third  molar,  (camassial) 014 

Width  of  third  molar  at  middle 009 

Length  of  heel  of  third  molar ^    .007 

Depth  of  ramus  ut  third  molar 021 

In  the  abbreviation  of  the  dental  series  in  front,  this  species  resem 

MARTES,  Cuv. 

Martes  mustelinus,  Cope,  Pal.  Bull.,*  No.  14.    {^lurodon.) 

A  small,  single-rooted,  second  molar  of  the  lower  jaw.  First  molar 
sectorial,  with  a  rather  narrow  posterior  heel,  one-third  its  length,  and 
a  small  inner  tubercle  at  the  base  of  the  second  outer  cusp.  Last  pre- 
molar with  a  short  posterior  heel,  and  distinct  outer  tubercle  on  the 
posterior  side  of  the  cusp.  Margin  of  jaw  strongly  everted  below  mas- 
seteric  fossa. 

Measurements. 

M. 

Length  of  three  last  molars 0.018 

Length  of  sectorial  molars 010 

Width  of  sectorial  molars,  (greatest) 005 

Height  of  posterior  cusp,  (greatest) 005 

This  species  was  about  as  large  as  the  domestic  cat,  and  less  than 
one-third  that  of  j^lurodim  feroxy  Leidy. 

PERISSODACTYLA. 

ACERATHERIDM,  Kaup. 

AOERATHERIUM  MEGALODUS,  CopC,  Pal.  Bull.,  No.  14,  p.  1. 

This  large  species  and  the  A.  crassus^  Leidy,  were  very  abundant  dur- 
ing the  Pliocene  period  in  Western  North  America.  Their  remains  are 
everywhere  mingled  with  those  of  horses  and  camels.  The  former,  and 
probably  the  latter,  are  to  be  referred  to  a  distinct  section  of  Acera- 
iherinmou  account  of  the  existence  of  but  three  premolar  teeth  in  the 
mandibular  series,  and  probably  in. the  maxillary  also.  One  of  our  speci- 
mens exhibits  the  missing  superior  premolar  on  one  side.  The  outer 
incisor  below  is  a  large  tusk,  while  the  inner  is  small  and  caducous, 
pohits  in  which  this  genus  resembles  the  genera  above  named,  and  dif- 
fers from  the  African  and  tichorhine  species,  or  genus  Atelodus  of 
Pomel. 

A  posterior  upper  molar  represents  the  A.  crassus  in  the  original  col- 
lections described  by  Leidy.    A  well-developed  tubercle,  which  rises 

*  These  pablications  may  be  procured  at  the  Naturalist's  agency,  Salem,  Mass.,  or  of 
the  writer. 
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from  the  bottom  of  the  valley  between  the  inner  extremities  of  the 
cro8s-crest8  in  the  last  and  penultimate  molars  of  A.  megalodusy  is 
wanting  in  the  A.  crassus;  partly  on  this  accoant  I  refer  my  second  large 
Pliocene  rhinoceros  to  the  latter,  represented  by  a  perfect  cranium, 
with  dentition  of  both  jaws  nearly  complete,  with  large  portions  of  skull 
and  dentition,  with  other  bones,  of  other  specimens. 

The  nasal  bones  are  not  co-ossified,  and  but  little  convex.  They  are 
smooth  and  long  and  slender,  indicating  that  this  rhinoceros  was  with- 
out a  horn.  The  inion  is  anterior  to  the  line  of  the  occipital  condyles, 
and  is  considerably  elevated  and  bilobed.  The  temporal  fossa)  ai>- 
proach  each  other,  being  separated  by  a  narrow  rib  only.  The  ramus 
mandibuli  is  rather  slender,  and  projects  well  in  front  of  the  line  of  the 
nasals.  The  dentition  is  I.,  ^;  C,  ^;  P.  m.,  ^-^^^  M.,  i.  The  usual  anterior 
premolars  are  wanting  in  the  lower  jaw,  and  in  the  upper  jaw  in  one 
specimen  and  on  the  right  side  of  the  other;  hence  I  suspect  f  to  be 
the  normal  dentition  of  the  species.  As  they  are  ^  in  Rkinocerus  and 
Aceratherium^  the  present  animal  may  be  placed  in  another  genus  under 
the  name  of  ApJielops.  The  middle  incisors  were  caducous.  The  out/cr 
are  very  large  and  cylindric  at  base;  the  attrition  of  their  inner  faces 
would  indicate  an  opposing  pair,  but  these  I  did  not  find,  and  the  pre- 
maxillary  sutures  of  the  maxillary  are  exceedingly  slender.  The  first 
lower  premolars  are  not  very  narrow.  The  transverse  crests  of  the 
superior  molars  widen  inwardly,  but  do  not  come  into  contact  with  each 
other.  On  the  posterior  margin  of  the  posterior  is  a  deep  notch,  which 
almost  divides  it  across.  There  are  no  other  lobes.  The  last  molar  is 
narrowed.  These  teeth  are  notable  for  their  very  large  size  as  compared 
with  that  of  the  skull  generally.  In  one  specimen,  P.  m.  2  (the  anterior) 
is  0.8  the  second  molar  in  transverse  diameter;  but  in  an  older  specimen 
it  is  less  than  half  the  same. 

Measurements. 

ic. 

Lcnj^th  of  molar  ecries 0.*-J(>5 

Leugth  of  secoud  molar,  crown 050 

Width  of  second  molar,  crown 050 

Width  of  second  premolar,  crown 0!^ 

Length  of  second  x>reroolar 032 

Length  of  first  (second)  lower  premolar 088 

Width  of  first  (second)  lower  premolar 016 

Total  length  of  cranium 000 

From  inion  to  end-nasals 456 

From  foramen  magnnm  to  inion 138 

Width  at  orbits 173 

Dex)th  of  mandible  at  first  molar 070 

About  the  size  of  the  Indian  rhinoceros,  but  with  much  larger  teeth. 

AcEEATHERiUM  CRASSUM,  Leidy;  Aphelops  crassus^  Cope,  Bnll.  U.  S. 
GeoL  Surv.,  No.  1, 1874,  p.  12 ;  Rhinoceros  cr<issus^  Leidy,  Anc.  Fauna 
Dak.  and  Neb.,  &c.,  p.  228. 

Leidy  states  that  the  formula  of  dentition  of  this  species  is  identical 
with  that  of  the  Indian  rhinoceros,  and  elsewhere  that  it  is  probably 
a  true  rhinoceros,  as  distinguished  from  ^ccrafAmtfui.  He  does  not  ap- 
pear to  have  possessed  material  to  verify  these  statements. 

An  imperfect  mandibular  ramus,  containing  the  last  molar  and  alveoli 
of  the  four  teeth  which  precede  it,  differs  from  the  corresponding  one  of 
A.  menalodus  in  the  greater  thickness  in  proportion  to  the  depth.  It  is 
absolutely  both  shallower  and  thicker  than  a  corresponding  ramus  of 
the  allied  species,  while  the  teeth  are  larger,  the  last  three  occupying 
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exactly  a  space  equal  to  that  sapporting  the  last  four  of  A.  megalodus. 
The  last  molar  is  larger  than  the  penultimate  in  A.  crassum,  (larger  in 
A.  inegalodus^)  and  encroaches  on  the  base  of  the  coronoid  process  ;  in 
all  the  jaws  of  A.  megalodus^  this  tooth  is  considerably  in  advance  of  this 
process,  which  rises  more  abruptly  than  in  it.  This  tooth  is  shown  to 
be  the  last  molar  by  the  absence  of  any  trace  of  alveolus  or  crown  of  a 
successional  tooth  behind  it  in  the  various  jaws  in  question.  In  A.  eras- 
sunij  the  coronoid  process  rises  gradually  from  the  front  of  the  last  molar. 

Measurements. 

A .  m^^alodu,    A .  trtutuM. 

Length  of  last  four  molars 0.160  0.215 

Length  of  last  molar 044  .062 

Length  of  firot  true  molar 036  .055 

Width  of  first  true  molar 028  .033 

Depth  of  ramusat  M.  2 087  .078 

Width  of  ramus  at  M.  2 047  .055 

The  last  molar  is  not  quite  protruded  in  the  type  specimen  of  A,  eras- 
sum, 

Near  to  the  specimen  just  described,  I  found  the  left  maxillary  bone^ 
with  nasal,  frontal,  and  other  elements,  of  a  rhinoceros,  which  differ  in 
some  respects  from  corresponding  parts  of  A.  megahdus.  The  rather 
larger  teeth  would  coincide  with  the  type  of  A.  crassum;  but  that  the 
specimens  belong  to  the  same  individual  is  not  certain.  It  is  charac- 
terized by  the  same  increase  in  size  posteriorly  of  the  molars  ;  the  M.  2 
exceeding  that  of  the  A,  inegalodus,  while  the  P.  m.  2  (the  first)  is  consid- 
erably  smaller.  The  latter  measures  less  than  half  M.  2,  while  it  is  0.8 
the  diameter  of  the  same  in  the  A,  megalodus.  There  is  no  rudiment  of 
P.  in.  I.  Hence,  this  specimen  displays  fully  the  characters  of  tJie 
genus  Aphelops,  The  nasal  bones  are  long,  acuminate,  straight,  and  not 
co-ossified.  They  are  tectiform,  and  distally  compressed,  instead  of 
flattened,  as  in  two  specimens  of  the  A.  megahdus  ;  they  are  also  quite 
rugose  at  the  extremity.    These  characters  amy  be  only  sexual. 

HIPPOTHERIUM,  Kaup. 

HiPPOTHERiUM  SPECiosuM,  Lcidy,  Anc.  Fauna  Dak.  and  Neb.,  282. 

HiPPOTnERiuivr  paniense,  »p.  nov. 

Indicated  by  molar  teeth  in  the  collection.  Two  of  these  have  elongate- 
curved  crowns ;  the  longer  is  a  left  posterior,  the  more  abraded  a  right 
median.  The  latter  is  characterized  by  the  generally  greater  simplicity 
of  the  enamel-boundaries  of  the  lakes,  as  compared  with  the  same  por- 
tions of  H.  speciosum^  with  which  it  agrees  in  size.  The  only  plications 
to  be  observed  are  the  usual  opposite  ones  entering  the  Ickes  from  the 
middle  of  their  adjacent  boundaries,  and  a  slight  one  <at  the  inner  angle 
of  the  same  border  of  the  anterior  lake.  The  inner  crescents  are  united, 
the  i)osterior  retaining  its  width  posteriorly,  and  giving  off  the  posterior 
inner  column  from  its  anterior  half.  Both  the  internal  columns  are  lon- 
gitudinally oval  and  rather  small,  the  anterior  well  separated.  The  ad- 
jacent enamel-border  givesoff  the  usual  projecting  fold.  Outline  of  crown 
nearly  quadrate. 

A  second  molar,  less  worn,  ])re8ents  therefore  a  little  greater  com- 
plexity of  enamel  folds.    Thus  the  anterior  inner  part  of  each  lake  is* 
foMed  into  a  loop,  and  there  is  a  second  pair  Ok  opposite  folds  outside* 
of  the  usual  ]>air  on  the  adjacent  borders  of  the  lakes. 

A  third  molar  is  much  more  worn  than  either  of  the  preceding,  so  as 
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to  throw  the  inner  and  median  posterior  areas  togetlier.  The  anterior 
median  is  well  isolated  and  subround.  There  are  no  folds  of  the  enamel- 
plates  whatever. 

Jleasurements. 

M. 

Length  of  No.  1  from  roots 0.027 

Width  of  antero-posterior 019 

Width  of  extero-iuterior '. 020 

Length  of  No.  2 032 

Width  of  antero-posterior 021 

W'idth  of  extero-interaal Old 

Length  of  No.  3 018 

Width  of  autero-posterior 021 

Width  of  extero-interior 022 

From  the  neighborhood  of  the  Pawnee  Buttes,  Colorado. 

PROTOHIPPUS,  Leidy. 

Protohippus  labrosus,  Cope. 

Having  obtained  a  number  of  fragmentary  and  entire  crania  refer- 
able to  species  of  the  present  genus,  it  becomes  possible  to  correlate 
the  mandibular  with  the  maxillary  forms,  dentition,  &;c.,  as  it  has  not 
been  possible  to  do  heretofore.  Of  mandibles  there  are  four  tyj)es, 
which  I  refer  to  species  as  follows : 

Symphysis  flat,  shallow ;  no  diastema  between  their  incisor  and  canine 

teeth. — P.  lubrosus. 
Symphysis  narrower,  deep ;  inferior  molars  smaller. — P.  sejunctns. 
Symphysis    narrow,    deep,  contracted,   and    smaller ;    lower    molars 
larger. — P.  perditus. 

These  comparisons  are  instituted  on  one  mandible  of  the  first ;  two 
entire  and  three  incomplete  ones  of  the  second ;  and  two  of  the  third 
types,  all  but  two  accompanied  by  superior  molars  or  crania.  The 
specimen  of  P.  labrosus  embraces  the  right  maxillary  bone,  containing 
five  molars ;  a  second  specimen  includes  three  superior  molars  of  the 
left  side ;  it  is  also  represented  by  several  isolated  molars. 

Frotohippus  labrosus  resembles  the  two  s[)ecies  described  by  Leidj-  as 
Merychippus  in  the  short  crowns  and  long  roots  of  the  molar  teeth,  with 
thickened  external  ridges,  separated  by  thin  bauds  of  cementum.  It 
therefore  differs  from  Protohippus  perditus  and  P.  placidus^  resembling 
the  first  named  in  size.  It  is  exactly  intermediate  between  the  P.  insignis 
and  P.  mirabilis  in  size,  and  to  it  is  no  doubt  to  be  referred  Dr.  Leidy^s 
No.  4  of  the  latter.*  Either  there  are  three  species  of  the  present  char- 
acter, or  Dr.  Leidy's  and  the  present  forms  must  be  arranged  under  one 
appellation.  I  prefer  retaining  them  as  distinct  for  the  present,  since  I 
have  nearly  identical  measurements  in  six  diftereut  individuals,  and 
four  of  the  P.  perdihis  equally  uniform  in  dimensions.  The  latter  always 
slightly  exceed  those  of  the  P.  labrosus^  and  differ  in  the  longer  dental 
crowns,  with  subacute  exterior  ridges  5  typiwdly,  the  internal  columns 
are  oval  in  section,  but  may  occasionally  be  subcylindric ;  they  are 
cylindric  in  P.  labrosus.  The  first  specimen  above  mentioned  I  regai'd 
as  tyi)ical,  and  describe  it  as  follows : 

The  first  premolar  is  well  develoi)ed ;  in  the  first  molar,  the  anterior 
lake  is  isolated  from  the  inner  fold.  The  anterior  inner  column  is  cylin- 
dric in  all  the  teeth ;  the  posterior  similar,  but  joined  with  its  crescent  by 
attrition  in  most  of  them.  The  boundaries  of  the  crescents  are  all  sim- 
ple, except  a  tendency  to  the  middle  infolding  of  the  adjacent  borders 

*  Ancient  FAOua  of  Dakota  and  Nebraska,  p.  300,  figured  x^iatt)  xvii,  Figs.  ti-9. 
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of  the  crescents.  The  teeth  are  but  little  curved,  and  the  base  of  the 
crowu,  with  termination  of  the  broad  longitudinal  gutters,  is  visible, 
although  the  attrition  of  the  teeth,  especially  of  the  inferior  incisors, 
does  not  indicate  advanced  age. 

The  nismdible  is  distinguished  by  the  length  of  the  diastema  and  the 
flatness  and  shallowness  of  the  symphysis.  The  permanent  molars  are 
all  ])resent  in  the  specimep,  and  are  robust  in  form.  Except  in  the  first 
and  last,  they  are  characterized  by  the  small  development  of  the  ante- 
rior crescent  horn  and  posterior  tubercle  of  the  inner  side  of  the  crown. 
The  horn  of  anterior  crescent  of  the  first  molar  is  well  produced  inward, 
broad,  and  simple ;  the  entire  tooth  is  narrower  than  the  other  molars 
ex(*ept  the  fifth  and  sixth.  The  latter  is  a  little  longer  than  the  others, 
and  possesses  a  posterior  crescent  smaller  than  the  others.  The  canines 
issue  from  their  alveoli  very  close  to  the  third  incisors ;  the  two  pairs 
of  first  and  second  incisors  are  in  a  nearly  transverse  line,  in  consequence 
of  the  flatness  of  the  symphysis.  The  median  lake  is  half  worn-out  in 
the  second  incisors. 

Medstirements. 

M. 

Length  of  four  premolars  and  one  molar 0.067 

Leugth  of  crowD  of  first  premolar 008 

Lougth  of  orown  of  Hecoud  premolar 022 

Width  of  crown  of  eecond  premolar 019 

Longt li  of  crown  of  first  molar 018 

Width  of  crowu  of  first  molar 022 

Height  of  crowu  of  first  molar Oil 

Length  of  six  inferior  molars 113 

Length  of  first  inferior  molar 020 

Width  of  first  inferior  molar,  (medially) 009 

Length  of  second  Inferior  molar 019 

Width  of  second  inferior  molar .012 

Width  of  symphyseal  trough,  (least) 015 

Depth  in  front  of  foramen  mentaU 016 

Expanse  of  two  middle  pairs  of  incisors 041 

About  the  size  of  the  ass. 

This  si>ecies  is  readily  distinguished  from  the  more  common  P.  per- 
ditvs  by  the  peculiar  form  of  the  symphysis,  more  simple  molar  teeth, 
with  shorter  crowns,  and  the  constantly  smaller  size ;  four  mandibular 
teeth  of  the  latter  occupying  the  same  space  as  five  mandibulars  in  the 
P.  lahrosns.  The  first  pi'emolars  are  also  larger  and  two-rooted,  those 
of  P.  perditus  in  three  specimens  before  me  and  of  P.  sejunctm  in  one 
example  being  but  one-rooted. 

Protohippus  sejunotus,  Cope,  Bull.  U.  S.  Geol.  Surv.,  No.  1, 1874, 15. 

Represented  in  my  collections  by  a  nearly  complete  skeleton,  with 
cranium  and  entire  dentition  ;  both  mandibular  rami  and  symphysis  of 
a  second ;  mandibles  and  dentition  of  two  others,  with  appropriate 
molar  teeth. 

The  skeleton,  which  I  excavated  with  my  own  hands  from  the  side  of 
a  bluff,  adds  considerably  to  our  knowledge  of  tliis  genus  of  horses. 
The  side  of  the  cranium  displays  a  considerable  depression  in  front  of 
the  orbit,  which,  though  not  so  deeply  impressed  as  described  by  Dr. 
Leidy  in  the  known  species,  will  refer  this  animal  to  the  group  regarded 
by  him  as  a  genus  under  the  name  of  Merychippus,  That  the  latter  is 
distinct  as  a  genus  may  be  questioned,  and  I  shall  follow  Dr.  Leidy's 
later  conclusion  in  uniting  them.* 

The  structure  of  the  feet  in  this  genus,  as  indicated  by  the  specimens 
of  the  present  8i>ecies,  and  of  the  Froiohippua  placidns^  proves  to  be 
identical  with  that  of  Hippotherium^  i.  e.,  tridactyle  ;  tlie  lateral  toes  of 

*  See  Report  on  Geological  Survey  of  the  Torrs.,  vol.  i,  p.  323. 
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reduced  proportions.  This  is  important  as  diatingnishing  the  genus 
trenchantly  from  Equus  ;  and  while  the  union  of  the  inner  columns  of 
the  superior  molars  distinguishes  it  from  Hippotherium,  a  form  of  P. 
perditus  is  described  below,  in  which  the  columns  are  more  distinct  than 
in  individuals  heretofore  known. 

The  P.  sejunctus  is  identical  in  measurements  with  the  P.  labrostiSy 
and  agrees  with  it  in  the  simplicity  of  the  enamel  boundaries.  It  is  also 
a  short-crowned  type,  but  the  character  is  not  so  marked  as  in  the  latter. 
It  differs  strikingly  in  the  deep  and  convex  symphysis,  and,  in  the  only 
specimen  in  which  its  alveolar  border  is  preserved,  in  .the  hiatus  sepa- 
rating the  inferior  canine  from  the  incisors.  It  exhlbils  also  the  small 
and  one-rooted  first  premolar  of  the  P.  perditus. 

The  adjacent  horns  of  the  lakes  of  the  molars  are  more  produced  out- 
wardly than  the  remote  ones,  and  the  enamel  borders  have  no  plications. 
The  sections  of  the  inner  columnv  are  oval  posteriorly  and  subround 
anteriorly.  The  wearing  of  the  last  molars  indicates  the  full  maturity 
of  the  animal ;  the  canines  are  separated  by  a  considerable  interval 
from  the  third  incisors.  The  inferior  molars  are  similar  iu  general  to 
those  of  P.  labrosus  ;  in  three  individuals,  the  last  lobe  of  the  last  molar 
is  a  cylindroid  instead  of  a  trough-shaped  column. 

The  cranium  in  general  form  partakes  of  the  shorter  and  morie  ele- 
vated outline  seen  in  all  the  three-toed  horses.  The  free  part  of  the 
nasal  bones  and  the  diastema  behind  the  canines  are  short.  The  outline 
of  the  vertex,  from  the  nose  to  the  sagittal  crest,  is  quite  plain,  while 
the  posterior  part  of  the  nasal  bones,  &c.,  is  much  narrowed  by  the 
large  facial  depression  at  the  sides.  This  occupies  the  space  between 
the  nasal  bones  and  the  malar  ridge  above  and  below,  and  is  bounded 
behind  by  the  anterior  border  of  the  orbit;  in  front  it  is  open,  but  its 
depression  follows  below  the  nasal  bones  to  the  diastema.  While  its 
area  is  strongly  impressed,  especially  superiorly  and  inferiorly,  it  is  not 
nearly  so  much  so  as  indicated  by  Leidy  in  P.  insignia  and  P.  mirabilis^ 
but  more  marked  than  in  his  figure  of  P.  perditus.  My  specimens  of 
the  latter  are  not  well  preserved  in  the  region  in  question. 

The  infraorbital  foramen  issues  above  the  anterior  border  of  the  first 
true  molar  and  the  malar  ridge  above  its  posterior  portion.  The  orbit 
is  closed  behind,  and  the  sagittal  crest  is  but  an  angle,  and  originates 
above  the  glenoid  cavity.  The  iuion  is  narrowed  above,  and  projects 
backward  over  the  upper  edge  of  the  foramen  magnum ;  posteriorly, 
the  occipital  presents  a  pair  of  verticiil  fossae,  separated  by  a  low  ridge. 
Its  external  crest  is  not  continued  to  that  of  the  squamosal  part  of  the 
zygoma.  The  meatus  auditorius  is  quite  small,  as  is  also  the  mastoid 
tuberosity.    The  paramastoid  is  large  and  stout. 

Measurements  of  cranium, 

M. 

From  occipital  ooDdyle  to  incisor-teeth 0.330 

From  occipital  condyle  to  last  upper  molar 140 

From  occipital  condyle  to  fundus  of  palatal  notch 1G5 

Length  of  entire  molar  series ISIA 

Lenjfth  of  crown  of  first  premolar.. Oil 

Length  of  crown  of  second  premolar 025 

Width  of  crown  of  second  premolar 018 

Length  of  crown  of  first  true  molar 017 

Width  of  crown  of  first  true  molar 020 

Height  of  crown  of  first  true  molar *. ..      .013 

Length  of  diastema 027 

Height  of  crown  of  canine 015 

Width  of  arc  of  incisors 050 

Length  from  first  incisor  to  first  premolar 0(>9 

Length  from  first  incisor  to  nasal  notch,  (oblique) , OdO 
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Length  from  first  iDcisor  to  orbit -     O.IS^ 

Diiiuieter  of  orbit 045 

Width  of  uofuils  at  notch 031 

Width  of  front  at  middle  orbit .076 

Width  of  zygomata  posteriorly 132 

Width  between  meatUH OSS 

Width  betv7een  middle  molars OSS 

Width  of  occipital  foramen  and  condyles - .       .054 

Length  of  mandibnlar  ramus *J70 

Length  from  end-inci^wrs  to  last  molnr 190 

Length  from  ond-iucisors  to  first  molar 077 

length  from  end-inoisors  to  canine,  (axial) 0% 

Depth  of  symphysis  in  front  of  foramen  mentak -       .0*^8 

Depth  of  ramus  at  first  premolar 043 

Depth  of  ramus  at  sixth  premolar 063 

The  skeleton  is  uoteworthy  for  the  diaproportiouately  large  size  of  the 
cervical,  as  compared  with  the  dorsal  vertebra?.  The  large  size  of  the 
head,  compared  with  the  rest  of  the  animal,  was  supplemented  by  the 
length  and  slenderness  of  the  limbs,  which  considerably  exceeded  the 
proportions  they  bear  in  the  existing  horse.  The  lumbar  vertebrae  are 
slightly  opisthocoilian,  the  dorsals  strongly  so.  Thecervicals  are  large 
and  moderately  elongate;  the  size  results  from  the  great  development 
of  the  processes,  since  the  centra  do  not  materially  exceed  those  of  the 
lumbars.  The  atlas  is  not  much  expanded,  and  has  a  well-marked  tur 
herctdum  atlaniis  and  very  low  neural  keel. 

The  limbs  are  slender  and  the  hoofs  small.  The  humerus  is  more 
curved  than  in  the  horse,  and  has  a  strong  tubei*cular  deltoid  crest. 
The  proximal  tiibeix>sities  are  very  different  from  those  of  the  horse. 
The  external  is  largely  developed,  but  is  not  produced  into  a  hook  uor 
extended  into  a  longitudinal  crest.  The  inner  bicipital  tuberosity  is  a 
little  more  prominent,  and  curves  hook-like  outward,  inclosing  with  the 
outer  a  deep  notch.  It  is  continued  at  right  angles  along  the  inner 
aspect  of  the  head  into  a  straight  crest;  their  angle  of  union  is  pro- 
longed downward  a«  the  deltoid  crest.  The  outer  tuberosity  in  the 
horse  is  double,  and,  while  not  hooked  as  in  Rhinoceriis,  is  a  little 
more  prominent  than  in  the  present  species ;  the  inner  is  not  hooked  as 
in  the  P.  sejunctus.  There  is  an  ala  on  the  inner  side  of  the  distal  end 
of  the  humerus,  and  a  supracondylar  foramen,  both  of  which  are  want- 
ing in  the  horse. 

The  radius  differs  from  that  of  the  horse  in  being  considerably  longer 
than  the  humerus  instead  of  a  little  shorter.  It  is  gently  curved  and 
flattened,  with  the  transverse  ends  about  equally  wide.  The  ulna  is 
co-ossitied  with  it  throughout  the  length,  excepting  a  small  portion 
beyond  the  humeral  cotylus,  as  in  the  horse. 

The/e?WMr  is  stout,  with  the  lesser  trochanteric  ridge  well  developed. 
The  trochlea  is  wide,  with  subequally  elevated  bounding  ridges.  The 
iihia  is  considerably  longer  than  the  femur,  and  presents  a  long  and 
prominent  cnemial  crest.  The  shaft  is  transverse,  with  external  edge 
and  inner  plane  narrower  than  the  anterior.  The  trochlea  is  very 
obliciue,  the  astragaline  grooves  well  defined  by  the  internal  and  ex- 
ternal tuberosities.    Fibula  not  preserved. 

The  right  posterior  foot,  among  others,  is  perfectly  preserved.  It  is, 
like  the  radius  and  forefoot  and  the  tibia,  distinguished  for  it«  elonga- 
tioi-  and  slender  proportions,  as  compared  with  the  horse.  The  dstraga- 
his  differs  from  that  of  the  horse  in  having  the  cuboid  facet  on  a  more 
pronounced  neck,  and  in  the  naiTowness  of  the  trochlea.  The  navicu- 
lar facet  is  subpentagonal  and  without  emargination.  The  cuboid  is 
largely  extended  posteriorly,  where  it  bears  a  large  tuberosity.    The 
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naviculare  is  shallow  and  concave  proximally.  The  ectocmm/orme  is  of 
similar  length;  behind  it  a  well-developed  mesocuneiforme^  which  sup- 
ports the  internal  metatarsal.  The  external  metatarsals  are  situated 
behind  the  median,  except  for  an  inch  at  their  distal  extremities.  Their 
articu.larsurfacesare  compressed,  and  present  an  obtuse  trochlear  angle, 
but  no  keel  5  they  reach  to  the  base  of  the  condyle  of  the  median  meta- 
tarsal behind.  The  latter  is  very  convex  above,  slightly  Hatt^ned  be- 
low. The  lateral  digits  only  reach  to  the  distal  end  of  the  first  phalanx. 
The  penultimate  phalanx  of  each  is  much  produced  behind ;  the  last 
or  ungueal  is  much  compressed,  and  is  literally  a  half-hoof.  The  coro- 
net is  half  as  long  as  the  pastern,  and  the  unguis  or  coffin-bone  is 
acuminate  in  outline  and  elevated  on  the  middle  line.  It  is  deeply  fis- 
sured at  the  extremity,  and  the  margin  abounds  in  foramina.  The  nu- 
tritious foramina  of  the  base  are  each  in  the  apex  of  a  triangular  fossa, 
which  is  open  posteriorly.  This  bone  has  proportions  not  unlike  those 
ascribed  by  Leidy  to  a  specimen  from  the  Niobrara,  but  is  rather  smaller; 
but  the  foot  to  which  it  pertains  measures  but  10.5  inches,  while  that  of 
P.  8€junctu8  (without  tarsals)  is  11  inches  in  length. 

Measurements, 

M. 

Length  of  atloS)  (extreme) O.OGl 

Width  of  atlas  medially  below 035 

Width  of  atlas  in  front  of  diapophyses .060 

Length  of  odontoid  process 023 

Length  of  three  posterior  dorsal  vertebrae .076 

Diameter  of  articular  face  of  centrum  of  vertebras  J  yg^^f^i™® 015 

Length  of  humerus,  (axial) 192 

Diameter  of  proximal  endj  'i^^z^^r:]:" :"::::::— :""::":":    :Si 

Diameter  of  condyles -^ .044 

Length  of  radius  ". T .229 

C  proximally 045 

Transverse  diameter  of  radius-?  at  middle 026 

(  distally 038 

C  proximally 026 

Antero-posterior  diameter  of  radiu8<  medially .018 

(  distally 023 

Diameter  of  femur  J  ®M*;:-; JJiJ 

(  condyles .058 

Length  of  tibia 250 

Length  of  foot,  including  tarsus .325 

licngth  of  foot  without  tarsus .277 

Outside  length  of  calcaneum .075 

Depth  of  calcaneum  behind .0*^7 

Width  in  front 033 

Total  kngth  of  astragalus .045 

Total  width 041 

Width  oftrochlea  of  astragalus 018 

Width  of  navicular  facet .022 

De])th  of  navicular  facet .022 

Width  of  cuboid  facet 008 

Width  of  cuboid  bone  fore  and  aft .023 

Length  of  cuboid  bono .015 

Length  of  internal  metatarsus .170 

Transverse  width  of  trochlea  of  median  metatarsus .021 

Length  of  pastern .042 

Width  of  pastern  proximally .025 

Length  of  coronet 027 

Width  proximally *    .025 

Length  of  coflQn .036 

Width  of  articnlar  face .021 

Width  between  angles .030 

Elevation  behind .02J 
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Remarks, — ^Professor  Leidy  has  already  observed  that  the  structure  of 
the  molars  in  this  genus  is  in  type  the  same  as  that  of  the  deeidiioas 
molars  of  Equm^  and  that  hence  Protohippiis  represents  the  more  primi- 
tive condition  of  horse.  In  further  confirmation  of  this  view,  I  may  add 
that  the  proportionate  size  of  the  head  and  length  of  limbs  to  size  of 
body  is  greater  than  in  the  recent  species  of  Equus,  resembling  in  these 
points  the  colts  of  that  genus.  Acceleration  of  the  growth  of  the  body 
and  prolongation  of  the  face,  the  same  in  the  widening  (fore  and  aft)  of 
the  internal  columns  of  the  molar  teeth,  with  retai*dation  of  the  growth 
of  the  lateral  phalanges,  would  express  the  process  of  evolution  of  the 
modern  types  of  horse. 

Protohippus  perditus,  Leidy. 

Represented  in  the  collections  by  the  entire  molar  dentition  of  one 
cranium ;  the  greater  part  of  that  of  another,  with  incisors  and  canines; 
the  four  median  molars  of  another;  two  superior  molars,  with  mandible 
and  teeth  of  a  fourth ;  mandibular  dentition  of  two  others,  with  parts  of 
mandibles  and  symphyses;  and  isolated  molars  of  a  large  number  of 
additional  specimens. 

Without  this  material,  I  should  have  hesitated  to  separate  the  two 
species  above  described  as  new ;  as  it  is,  I  have  no  question  that  they 
are  well  defined,  and  are  not  the  species  described  by  Dr.  Leidy  under 
the  name  of  Merychippus,  The  two  lower  jaws  at  my  disposal  agree  in 
dimensions  with  each  other  and  with  the  superior  molars  and  with  Dr. 
Leidy's  types,  with  which  I  have  compared  them,  four  of  them  having 
the  same  extent  as  five  of  those  of  the  two  species  above  described.  In 
two  successioual  superior  molars  little  worn,  one  of  the  inner  columns 
(the  anterior)  is  not  yet  united  with  its  corresponding  crescent,  and  the 
borders  of  the  lakes  are  more  plicate  than  in  more  worn  examples. 

Protohippus  placidus,  Leidy. 

A  portion  of  the  skeleton  of  this  species  was  excavated  by  myself 
from  the  rock  of  the  Pliocene  formation,  which  was  accompanied  by  two 
teeth,  characteristically  those  of  this  species,  and  the  only  ones  I  ob- 
tained which  are  referable  to  it.  They  are  readily  known  from  their 
small  size  absolutely,  and  it  would  seem  relatively  also.  The  vertebr® 
are  similar  in  size  and  proportions ;  but  the  metatarsus  is  materially 
shorter  than  that  of  P.  s^uncttiSy  and  the  phalanges  of  all  the  toes,  and 
especially  the  cofiSn-bones,  considerably  stouter.  Compare  measure- 
ments with  those  given  above. 

ifeasureinents. 

Longtb  of  median  metapodial  bone 0.173 

Expanse  of  condyles  of  lateral  metapodials .042 

Length  of  first  lateral  phalanx 034 

Ant^ro-posterior  width  of  first  lateral  phalanx .o^         .016 

Length  of  cofiin-bone  medially .041 

Width  between  angles .037 

Width  of  articular  face 026 

Height  of  cofiin-bone  behind 022 

Thus  both  coffin-bones  are  larger,  wider,  and  flatter  than  those  of  P. 
sejunctiiSj  a  character  provided  for  by  the  greater  lateral  distal  expansion 
of  the  metapodial  bones.  The  shortness  of  the  metapodial  bouQ  may 
be  due  to  the  fact  of  its  being  a  metacarpal;  the  femoral  condyles  are 
adherent  to  it  in  the  matrix,  and  there  is  a  proximal  facet  like  that  for 
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the  cuboid  bono  in  P.  sejunctm.  Were  the  bone  a  metacarpal,  this  facet 
would  relate  to  the  trapezoides,  a  contact  which  does  not  exist  in  either 
of  the  genera  of  three-toed  horses,  Hippotherium  and  Anchitheriumj  ac- 
cording'to  Kowalevsky.* 

ARTIODACTYLA. 
MERYCHYUS,  Leidy. 

Merychyus  MAJOR,  Leidy,  Anc.  Fauna  Dak.  and  Neb.,  121. 

A  single  superior  first  molar,  presenting  some  peculiarities  perhaps 
individual. 

JMeryghyus  elegans,  Leidy,  loc.  cit,  118. 

A  mandibular  ramus,  with  the  molars  and  last  premolar ;  a  little 
larger  than  Leidy's  specimens  from  Nebraska. 

PROCAMELUS,  Leidy. 
Procamelus,  »p. 

Numerous  parts  of  skeletons  of  a  large  species  without  teeth  ;  possi- 
bly the  P.  niobrarensutj  Leidy. 

PR0CA3IELUS  ANGUSTIDENS,  Copc,  Bull.  TJ.  S.  Geol.  Surv.  Terrs.,  No. 
1,  20. 

Represented  by  the  nearly  entire  mandibles,  with  most  of  the  teeth 
of  two  individuals,  and  two  superior  molars  referred  with  probability  to 
the  same. 

This  camel  is  the  size  of  the  P.  rohxistus^  Leidy,  but  differs  from  it  in 
the  much  narrower  teeth,  especially  the  last  molar  and  last  premolar, 
the  much  smaller  first  molar,  and  totally  different  form  of  the  second 
premolar.  Thus,  while  the  last  molar  has  the  same  length,  it  supports 
an  anterior  expansion  whose  angles  are  the  summits  of  ridges  on  the 
inner  and  outer  sides  of  the  crown,  which  are  wanting  in  P.  robustm. 
Behind  the  outer  rib  in  P.  ajigustidensj  there  is  a  considerable  groove. 
While  the  third  molar  is  as  large  as  that  of  P.  rohusUis^  the  first  molar 
is  strikingly  smaller,  while  the  third  premolar  is  about  as  long,  is  only 
half  as  wide  when  worn  to  the  same  degree.  The  second  premolar, 
instead  of  presenting  a  contracted  subeonic  crown,  is  longitudinally 
extended  and  compressed,  resembling  closely  the  third  premolar.  The 
molars  are  remarkably  flat  on  the  outer  side;  each  lobe  being  devoid  of 
a  median  ridge,  and  the  first  and  second  even  wanting  that  between  the 
lobes.  The  diastemata  are  long,  and  the  first  premolar  is  compressed 
and  equidistant  between  the  canine  and  the  second  premolar.  The  dia- 
stema in  front  of  the  canine  is  not  wider  than  one  tooth.  The  lower 
incisors  are  broad  and  oblique.  The  lower  posterior  boundary  of  the 
symphysis  is  almost  immediately  below  the  first  premolar. 

MeoHurements. 

Total  length  of  dental  series  to  first  incisor 0.240 

Length  from  tirat  to  third  incisor  on  crowns .036 

Length  from  first  incisor  to  canine .040 

Length  from  first  incisor  to  first  premolar .073 

Length  from  first  incisor  to  second  premolar .103 

Length  of  molar  series .134 

Length  of  premolars  2-3-4 039 

Length  of  second  premolar .016 

Length  of  fourth  pri molar 016 

*  Palieontographica,  1873,  pi.  vii. 

34  as 
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M. 

Width  of  fourth  premolar,  (half  worn) 0.005 

Lenj^th  of  first  molar,  (half  woru) .019 

Width  of  first  molar,  (half  worn) ,.  .014 

Length  of  third  molar .047 

Width  of  third  anterior  column .013 

In  the  second  specimen  the  molars  are  a  little  narrower. 

Procamelus  hbterodontus,  Cope,  Bull.  U.  8.  Geol.  Surv.  Terrs., 
1874,  No.  1,  20. 

Represented  by  the  right  distal  portion  of  a  mandibular  ramus,  with 
incisor,  canine,  and  premolar  teeth,  and  by  the  greater  part  of  the  den- 
tition of  the  premaxillary  and  maxillary  bones.  These  indicate  an  ani- 
mal of  the  size  of  the  species  last  described. 

An  interesting  fact  in  the  structure  of  the  genus  is  indicated  by  these 
specimens,  namely,  that  the  premaxillary  bones  support  a  full  series  of 
incisor-teeth,  a  fact  not  heretofore  known,  as  the  pieces  in  question  had 
not  been  previously  identified  by  authors.  The  median  incisors  were 
inserted  into  rather  small  sockets,  and  were  separated  by  diastemata 
from  the  third  or  caniniform  incisor,  from  each  other,  and  from  the  an- 
terior extremity  of  the  bone. 

A  second  result  of  the  investigation  is  that  the  genus  Homocamelus, 
Leidy,  is  probably  the  same  as  Procamelus  ;  and  that  II.  canlnus  should 
be  i-egarded  as  the  P.  rohustKs,  unless  new  evidence  exists  to  the  con- 
trary. The  fonner  was  established  on  dentition  of  the  upper  series 
alone;  the  latter  on  that  of  the  lower  jaw.  In  the  present  species,  we 
have  the  two  kinds  of  teeth  combined.  The  relations  are,  however, 
quite  different  from  those  found  in  the  P.  robuMus  and  the  P.  anf/uisti- 
dens.  As  to  the  reference  of  //.  caninus  to  the  former  rather  than  the 
latter  of  these  two,  it  depends  on  their  coincidence  in  the  transverse 
width  of  the  premolar  teeth,  and  is  rendered  probable  by  the  fact  that 
they  are  from  the  same  horizon  and  approximate  locality. 

In  the  superior  and  inferior  dentition  of  P.  heterodontus,  it  is  to  be 
noticed  that  the  first  premolar  is  situated  well  anteriorly,  the  space  sep- 
arating it  from  the  second  premolar  being  twice  as  long  as  that  between 
it  and  the  canine ;  in  P.  rohusttiSj  these  interspaces  are  equal  (in  the 
lower  jaw)  as  in  P.  angustidens.  In  the  pre^nt  camel,  the  third  incisor 
is  separated  from  the  canine  in  the  low- er  jaw  by  a  space  nearly  equal 
to  that  between  the  canine  and  first  ])remolar;  in  P.  angustidens^  and, 
probably  P.  rohustus,  {=  H,  caninus,)  this  space  is  very  much  less,  and 
just  sufficient  to  admit  the  superior  caniniform  incisor.  In  the  present 
species  the  lower  border  of  the  symphysis  is  below^  the  canine,  and  hence 
the  symphysis  is  much  shorter  than  in  P.  angustidem,  as  it  is  steeper 
and  concave  on  the  antero- inferior  face.  It  is  not  co-ossified  in  the 
specimen,  while  it  is  so  in  the  P.  angustidens.  On  each  side  of  the  suture 
below^  is  a  small,  compressed,  descending  tuberosity.  The  mental  fora- 
men is  below  the  first  premolar.  The  second  and  third  lower  premolars 
are  two-rooted  and  compressed ;  the  third  presents  an  angle  inward  at 
its  anterior  end. 

The  premaxillary  bones  attenuated  and  simple  in  front,  with  little 
indication  of  contact  or  connection  across  the  middle  line.  The  side  of 
the  muzzle  is  conciivo  above  the  first  premolar.  Last  incisor  vertical  in 
direction. 

The  maxillary  teeth  associated  with  the  above-described  premaxillary 
bones  represent  the  entire  series,  except  the  second  and  third  pi*emolars- 
These  present  strong  exterior  ribs  between  the  columns,  and  weak  ones 
between  on  the  third  molar.    These  teeth  present  no  extra  lobes,  tuber- 
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cles,  nor  colamns,  and  the  cement-deposit  in  the  lakes  is  very  smalL 
The  third  premolar  and  first  molar  are  aboat  as  broad  aa  long. 

Measurements  of  the  upper  jaw* 

Length  of  trae  molars 0.083 

Length  of  hast  molar,  (outside) • 036 

Width  of  last  molar,  (anterior  colamn) 016 

Length  of  first  molar 020 

Width  of  first  molar 019 

Lenfi^h  of  last  premolar 014 

Width  of  last  premolar 013 

Length  from  first  premolar  to  canine 016 

Length  from  first  premolar  to  third  incisor 036 

Length  from  third  incisor  to  end  of  premaxillary 03d 

Measurements  of  the  lower  jaw. 

M. 

Length  from  apex  of  third  incisor  to  end  of  third  premolar 0.120 

Length  from  apex  of  third  incisor  to  second  premolar 698 

Length  from  apex  of  third  incisor  to  first  premolar 052 

Length  from  apex  of  third  incisor  to  canine 025 

Depth  at  third  premolar 040 

Depth  at  canine 041 

From  the  heads  of  Pawnee  Creek,  Colorado. 

Procamelus  occidentalis,  Leidy,  Anc.  Fauna  Dak.  and  Neb.,  151. 

Specimens  in  fine  preservation,  but  referred,  with  some  donbt,  as 
above.  The  dimensions  of  the  teeth  are  intermediate  between  those  of 
the  species  above  named  and  the  P.  gracilis^  Leidy. 

MEBYCODDS,  Leidy. 

MERYCODUS  GEMIVIIFER,  CopC,  loc,  Clt.^  22. 

A  small  ruminant,  represented  by  jaws  and  teeth  of  three  individuals 
found  in  association  with  the  species  above  described  by  the  writer. 
These  embrace  only  the  true  molar-teeth  in  good  preservation.  They 
resemble  those  of  M.  necatus,  Leidy,  in  form  and  size,  Init  differ  in  hav- 
ing a  rudimental  column  between  the  principal  columns  at  their  bases, 
a  character  which  I  have  satisfied  myself  does  not  exist  in  the  Niobrara 
specimens  described  by  Dr.  Leidy  by  autopsy.  These  only  appear  on 
the  grinding  faces  after  prolonged  altrition.  First  molar  equal  to  the 
last  premolar  in  antero-posterior  diameter. 

Measurements. 

Length  of  four  posterior  molars 0.0*57 

Lenijth  of  true  molars 030 

Length  of  second  molar 090 

Width  of  second  molar 040 

Length  of  third  molar 013 

Width  of  third  molar 006 

Depth  of  jaw  at  second  molar 015 

PROBOSCIDIA. 
MASTODON,  Cuv. 

Mastodon  proavus.  Cope,  Synop.  Vert.  Col.,  1873, 10. 

.Represented  by  an  entire  anterior  molar,  portions  of  posterior  molars^ 
and  an  astragalus,  all  found  associated  by  the  writer.  They  probably 
pertain  to  the  same  individual. 
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The  general  character  of  the  transverse  crests  of  both  kinds  of  teeth 
is  similar.  Each  crest  is  composed  of  iwo  obtuse  lobes,  whose  diameter 
is  greatest  exteriorly,  but  contracts  toward  their  point  of  contact  on  the 
median  line.  Their  section  is  therefore  pyriform,  with  the  apex  inward. 
In  an  anterior  tooth,  the  cutting-edges  are  obtuse  and  descend  from  the 
outer  margin  to  the  line  of  division  between  them.  This  line  is  a  nar- 
row fissure  in  the  anterior  tooth  dividing  the  cones  for  more  than  half 
their  height.  This  fissure  is  similar  in  the  posterier  molars,  but  the 
cones  are  more  elevated  and  compressed,  and  are  irregularly  lobed  with 
low  tuberosities,  especially  on  the  posterior  face.  The  outer  face  of  the 
cone  of  the  last  pair  is  separated  from  the  posterior  by  a  low,  vertical, 
ridge.  There  is  a  posterior  heel,  whose  summit  is  continuous  with  one 
of  the  cones. 

The  valleys  are  open  and  spreading,  as  in  M.  ohiotictiSy  and  there  ap- 
pear to  have  been  no  intermediate  nor  accessory  lobes  or  cones.  There 
is  a  cingulum  round  the  anterior  molar,  which  is  strongest  behind.  One 
of  the  cones  sends  a  rib  inward  and  downward  to  a  position  on  the  cin- 
gulum, which  partially  incloses  a  fossa  on  the  outer  side. 

Enamel  generally  smooth. 

The  tibial  face  of  the  astragalus  is  convex  anteroposteriorly,  little 
concave,  and  oblique  transversely.  The  inner  side  is  elevated,  and  also 
shortened  from  the  back  forward,  so  as  to  leave  a  considerable  neck  for 
the  navicular  facet.  This  is  convex  and  oblique,  extending  nearly  to 
the  edge  of  the  tibial  face  on  the  outer  side.  The  peroneal  face  is  shal- 
low, and  exhibits  a  small  facet  and  a  fossa.  The  calcaneal  facet  of  the 
inner  side  is  much  produced  inward.    The  external  one  is  a  broad  oval. 

Mcdsvreinents, 

M. 

Length  of  crown  of  anterior  molar 0.055 

Width  of  crown  of  anterior  molar 050 

Elevation  of  cones  of  the  name , 025 

Width  of  valley  between  apices  of  the  cones 027 

Elevation  of  cone  of  poste^rior  molar 04ii 

Transvei-so  diameter  of  the  same  at  base  of  fissure 0r^5 

Long  diameter  of  the  astragalus 093 

Transvei-se  diameter  of  the  astragalus 100 

Exterior  depth  of  the  astragalus 025 

Interior  depth  of  the  astragalus 058 

Transverse  width  of  navicular  facet 055 

The  anterior  molar  described  has  but  two  transverse  crests,  but  is 
considerably  larger  than  the  two  crested  teeth  in  Trllophodon  ohiottcus. 
As  the  other  portions  indicate  a  smaller  species,  the  position  of  this 
tooth  becomes  a  matter  of  question.  This  i)oint,  together  with  the 
isolated  or  conic  and  furrowed  character  of  the  divisions  of  the  crests, 
with  the  smaller  size,  separate  it  irom  the  common  species.  It  also  be- 
longs to  an  earlier  geological  period.  From  M,  mirijicus^  the  wide,  open 
valleys,  simplicity  of  the  cones,  and  larger  size  distinguish  it. 

TESTUDINATA. 

STYLEMYS,  Leidy. 

Stylemys(?)  niobrarensis,  Leidy. 
Abundant. 
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APPENDIX. 


The  essays  and  i)apers  in  which  the  descriptions  and  determinations 
of  most  of  the  species  of  extinct  Vertebrata  included  in  the  preceding 
report  originally  appeared  are  the  following : 

Cope,  Paleontological  Bulletin,  No.  14 ;  published  July  25,  1873. 

Cope,  Paleontological  Bulletin,  No.  15;  published  August  20,  1873, 

Cope,  Paleontological  Bulletin,  No.  16 ;  published  August  20,  1873. 

Cope,  Paleontological  Bulletin,  No.  17 ;  published  October  25, 1873. 

Cope,  Synopsis  of  New  Vertebrata  from  the  Tertiary  of  Colorado ;  pub- 
lished October  16, 1873. 

Hayden,  Bulletin  of  the  United  States  Geological  Survey  of  the  Terri- 
tories, No.  1 ;  published  January  21, 1874. 

Hayden,  Bulletin  of  the  United  Stat<i8  Geological  Survey  of  the  Terri- 
tories, No.  2 )  published  April  19, 1874. 
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REPORT  OF  LIEUT.  W.  L.  CARPENTER  ON  THE  COLLECTIONS 
MADE  BY  HIM  IN  1873,  WHILE  CONNECTED  WITH  THE  UNITED 
STATES  GEOLOGICAL  SURVEY. 


Washington,  D.  C,  January  1, 1874. 

Sib  :  Having  been  i>ermitted  by  tue  courtesy  ot  niy  superior  officers 
to  accompany  the  United  States  geological  survey  of  Colorado,  and  by 
yourself  kindly  api>ointed  naturalist  of  the  party,  I  take  pleasure  in  pre- 
senting for  your  consideration  a  brief  summary  of  the  collections  made 
in  this  department  during  the  season. 

In  ornithology  and  oology,  a  thorough  collection,  embracing  many 
rare  and  valuable  specimens,  was  made  by  Mr.  J.  H.  Batty.  The 
branches  to  which  I  paid  particular  attention,  and  the  collections  made 
by  myself,  are  as  follows : 

Hymenoptera.  Myriopoda.  Parasites, 

Lepidoptera.  Eggs  of  insects.  Land-shells. 

Diptera.  Larvaj.  Fish. 

Coleoptera.  Chrysalides.  Reptiles. 

Hemiptera.  Galls.  Mammals. 

Orthoptera.  Arachnida.  Skeletons. 
Neuroptera. 

The  entomological  collection  was  made  as  thorough  as  circumstances 
would  permit;  and  a  large  amount  of  material  obtained  for  future  study, 
including  sediment  of  streams  and  ponds  at  extreme  elevations,  which 
will  require  a  considerable  time  for  examination,  and  cannot,  therefore, 
appear  in  this  report.  The  several  orders  of  insects  were  placed  in  the 
huuds  of  eminent  scientific  gentlemen,  specially  interested  in  their 
study,  who  cheerfully  undertook  their  examination ;  the  classification 
of  species  as  arranged  by  them  is  herewith  annexed.  A  separate  mis- 
cellaneous entomological  collection  was  also  made  in  the  mountain- 
region,  entirely  above  timber-line,  which  I  have  classified,  thinking  it 
w^ould  prove  interesting  in  determining  the  geographical  distribution  and 
range  of  species.  As  many  skeletons  of  mammals  were  made  as  possi- 
ble, including  one  of  the  grizzly  bear,  which  I  believe  is  the  first  com- 
plete skeleton  of  that  animal  ever  secured. 

Eegariling  the  general  results  obtained,  and  the  inferences  t<)  be 
drawn  therefrom,  I  can  only  say  that  the  thorough  observations  of  Dr. 
A.  S.  Packard,  jr.,  Dr.  Cyrus  Thomas,  and  Dr.  Horn,  published  in  the 
reports  of  your  previous  surveys,  have  been  so  exhaustive  as  to  leave 
little  of  interest  to  be  said  which  will  not  be  a  repetition  of  former  pub- 
lications. In  fact,  1  find  that  nearly  all  my  notes  upon  the  habits  and 
riinge  of  species  singularly  verify  the  facts  noted  by  those  who  have 
preceded  me  in  this  field.  I  shall,  therefore,  merely  call  attention  in  the 
catalogue  by  a  brief  note  to  any  which  may  merit  particular  attention. 
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Allow  me,  sir,  to  tender  my  sincere  thanks  to  yourself,  Professor 
Gardner,  Mr.  Stevenson,  and,  in  fact,  to  all  the  members  of  the  party,  for 
the  e4)rdial  sussistance  rendered  mo  in  the  pursuit  of  my  duties  as  natu- 
ralist of  your  survey. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

W.  L.  OAKPBNTER, 
Lieuteiianty  United  States  Army. 
Dr.  F.  Y.  Hayden, 

United  States  Oeologist. 


DESTRUCTION  OF  PINE  TIMBER  IN  THE  ROCKY 

MOUNTAINS. 

By  Lieut.  W.  L.  Carpenter,  U.  S.  A. 

While  attached  to  the  United  States  ideological  survey  for  1873,  my 
attention  was  attracted  to  a  singular  destruction  of  pine-timber  in  the 
Rocky  Mountains,  in  the  Territory  of  Colorado,  by  some  agency  unknown 
to  myself.  While  personal  observation  satisfies  me  of  the  existence  of 
such  a  baneful  intluence,  I  can  only  hope  that  a  de8crii)tion  of  it«  effects 
will  en.ible  others  to  determine  its  cause,  as  my  limited  observation 
does  not  permit  me  to  arrive  at  any  satisfactory  conclusion  concerning  it. 

In  the  region  of  country  lying  between  the  eastern  slope  of  the  na- 
tional range  and  the  southern  waters  of  the  Colorado  River,  many  pine- 
tree«  may  be  noticed  stripped  of  their  bark  in  such  a  way  as  to  cause 
their  decay.  Sometimes  the  tree  will  be  seen  completely  girdled,  at 
others  only  denuded  of  a  small  patch  of  bark,  which  does  not  seem  to 
affect  its  growth.  The  injury  appears  at  any  part  of  the  trunk  of  the  tree, 
and  may  often  be  seen  at  a  distance  of  forty  feet  fro!n  the  ground,  which 
l)recludes  the  i)ossibility  of  human  agency.  This  fact  was  carefully  veri- 
fied, as  it  is  well  known  that  the  Ute  Indians  strip  the  pine-trees  of 
bark  in  the  spring  of  the  year  to  obtain  the  pulpy  substance  next  the 
wood  for  food ;  but  the  bark  is  by  them  always  stripped  off  smoothly 
in  large  pieces  near  the  ground,  and  from  trees  in  the  vicinity  of  good 
camping-places ;  while  the  girdled  trees  referred  to  may  be  found  in 
the  most  inaccessible  places,  and  often  near  timber-line.  As  far  as 
known,  there  is  but  one  species,  the  yellow  i)ino  (Finus  ponderosa\  so 
attacked;  and  although  the  white  spruce  and  cjuaking-aspen  are  to 
be  found  in  the  same  vicinity,  they  never  ai)peared  to  suffer. 

The  injury  first  begins  with  a  row  of  holes  about  one-fourth  of  au  inch 
in  diameter  at  the  surface  of  the  bark,  and  terminates  in  a  point  at  the 
wood.  These  holes  are  generally  drilled  in  nearly  parallel  lines,  per- 
l)endicularly  and  horizontally,  then  gradually  e!ilarged,  until  finally  they 
connect  with  ea<;h  other,  and  the  tree  appears  entirely  stripped  of  bark 
for  a  vertical  distance  of  two  or  three  feet. 

A  careful  examination  of  these  trees  in  their  various  stages  of  decay 
was  made  for  traces  of  insects,  but  nothing  could  be  discovered  which 
would  lead  one  to  suppose  that  it  was  their  work.  If  attributable  to 
the  ravages  of  coleoi)terous  insects,  such  as  the  CurcuUonidcc  and  Ce- 
rambycidWj  those  most  destructive  to  vegetatio!i,  then  the  damage  must 
liave  occurred  in  some  previous  year  extraordinarily  productive  of  these 
insects ;  for  although  found  there  this  season,  they  were  quite  rare.  Nor 
could  any  unusual  signs  of  coleopterous  hirvje  be  found  in  the  bark  or 
wood  of  these  trees.  It  also  seems  improbable  that  such  extensive  dam- 
age could  have  been  inflicted  by  birds  of  the  Fiddw  family,  noted  for 
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their  hammering  and  pecking  proclivities  in  search  of  larvse,  as  these 
birds  are  by  no  means  abundant  in  that  regiou. 

The  section  of  country  most  aflfected  seems  to  be  the  mountains  near 
the  source  of  Twin  Lake  Creek  and  the  branches  of  the  Ounnison ;  it 
was  not  noticed  in  Middle  Park  and  Northern  Colorado.  The  damage 
is  so  considerable  that  in  a  walk  of  one  mile  through  a  dense  pine-for- 
est on  Twin  Lake  Creek,  sixty  large  trees  were  counted,  dead,  or  fast 
losing  their  vitality  from  this  cause. 


EEPORT  ON   THE  ALPINE   INSECT-FAUNA  OF   COLORADO. 

By  Lieut.  W.  L.  Carpekter,  U.  8.  A. 

A  separate  entomological  collection  was  made  by  myself  over  an 
exteusive  area,  at  extreme  elevations,  in  all  cases  exceeding  an  altitude 
of  12,000  feet  above  the  level  of  the  sea.  Here  amid  the  region  of 
eternal  snow,  where  botii  the  animal  and  vegetable  kingdoms,  exposed  to 
a  climate  of  arctic  severity,  seem  struggling  for  existence,  are  found 
many  lowly  forms  of  life,  extremely  inte^sting  from  their  peculiar 
choice  of  a  home.  Ouly  a  short  distance  below  the  timber-line,  at  an 
altitude  of  about  11,000  feet,  iusect-life  may  be  found  in  abundauce; 
but  an  ascent  of  a  few  hundred  feet  causes  a  wonderful  diminution  in 
species ;  and  when  the  summits  of  the  loftiest  peaks  are  reached,  at  an 
altitude  greater  than  14,000  feet,  unless  the  weather  be  unusually  mild, 
it  requires  very  close  scrutiny  to  disclose  the  presence  of  any  life.  It 
is  probable  that  some  insects,  such  as  the  Orthoptera^  a  few  Hemipteraj 
I>iptera,  and  CoccinelUdWy  are  carried  to  the  tops  of  mountains  by 
storms  and  atmospheric  currents;  while  the  Arnchnida^Lepidoptera^  Neu- 
roptera,  and  most  Coleoptera,  many  of  which  have  been  found  in  Alaska 
and  Labrador,  are  undoubtedly  peculiar  to  high  latitudes  and  gi*eat 
elevations.  In  the  early  spring,  long  before  any  bare  ground  was  visi- 
ble, Coccinella  transversogutta  and  Lrjgceus  reclivatus  were  found  at  an 
elevation  of  14,000  feet,  in  abundance  upon  the  surface  of  the  snow. 
LygceuH  reclivatus  seemed  to  be  widely  distributed ;  it  being  always 
found  above  the  timber-belt,  from  May  to  October,  throughout  an  area 
of  20,000  square  miles.  By  removing  the  snow  and  searching  under 
stones  and  in  moss,  Arachnida^  OoUoptera^  and  larvse  were  found.  A 
microscopic  examination  of  snow-water  collected  in  pools,  made  during 
the  months  of  May  and  June,  failed  to  reveal  the  existence  of  any  ani- 
mal life ;  and  it  was  then  thought  that  aquatic  insects  would  not  be 
found ;  but  a  shallow  pool  discovered  on  Elbert  Peak  above  timber-line, 
July  22,  proved  to  contain  considerable  life,  and  was  especially  produc- 
tive of  a  species  of  Entomostraca. 

Myriads  of  grasshoppers  of  the  species  Oaloptenus  spretus  swarm  from 
the  Pacific  slope  in  the  months  of  July  and  August,  and  in  their  journey 
eastward  are  arrested  by  the  high  i)eak8  and  ridges  of  tha  Rocky 
Mountains,  and,  becoming  benumbed  by  cold,  drop  down  to  perish. 
The  barrier  thus  presented  by  these  mountains  is  of  great  benefit  to  the 
agricultural  interest  of  Colorado ;  for,  although  upon  a  favorable  sea- 
son some  swarms  may  pass  by  to  the  eastern  plains,  it  will  be  safe  to 
estimate  that  not  more  than  one-tenth  of  the  number  which  rise  from 
the  plains  and  valleys  of  Utah  ever  succeed  in  crossing  the  divide. 

Five  Si>ecies  of  butterflies  were  found  ;  the  Parnassius  Smintheus  and 
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Chionohas  Semklea  being  tlie  most  abundant.  Of  the  moths,  the  beauti- 
fnl  Arctia  QuenseUij  which  occuxs  also  on  Mount  Washington,  New 
Hampshire,  and  in  the  Alps,  seemed  to  have  the  most  extensive  geo- 
graphical distribution.  If  the  sun  were  shining,  the  Lepidoptera  might 
be  seen  flying  about  with  all  the  activity  of  species  in  a  wanner  climate; 
but  if  a  passing  cloud  obscured  the  sun  for  a  few  moments,  they 
quickly  took  refuge  in  the  rocks,  so  sensitive  did  they  seem  to  a  change 
of  temperature. 

The  spiders  appeared  to  thrive  best ;  being  always  present  at  all  eleva- 
tions, and  apparently  indifferent  to  climate.  The  geometrical  web-spin- 
ners were  rarely  found  at  high  altitudes,  owing  to  the  absence  of  trees 
and  plants  upon  which  to  build  their  webs.  The  habits  of  the  species 
found  above  the  timber-line  were,  however,  well  adapted  to  their 
peculiar  surroundings.  Those  found  in  the  crevices  of  rocks  and  holes 
in  the  ground  generally  lined  their  habitations  with  silk,  and  were  thas 
enabled  to  entrap  their  prey ;  but  the  greater  number  were  true  wan- 
derers, and  roamed  from  place  to  place  without  ever  spiiming  webs. 
Twenty- three  species  were  found  above  timber-line^  and,  as  far  as  now 
known,  they  are  nearly'  all  new  to  science. 

The  plant-bugs  {Hemiptera),  as  might  be  supposed  from  the  almost 
total  absence  of  vegetation,  were  not  numerous.  This  order  of  insects 
was  found  to  be  very  limited  in  species  throughout  the  mountains, 
owing  probably  to  the  scarcity  of  the  cultivated  plants  found  in  more 
civilized  regions,  upon  which  they  feed.  The  vegetables,  fruit,  and 
grain  raised  in  the  foot-hills  are  consequently  quite  free  from  the  attacks 
of  these  pests,  which  so  much  annoy  eastern  farmers. 

The  collection  of  flies  (Diptera)  was  so  much  damaged  in  transporta- 
tion that  it  was  diflBcult  to  determine  even  the  genus  in  many  cases.  It 
is  to  be  hoped  that  future  collectors  will  not  overlook  this  interesting 
order  of  insects,  and  that  they  may  be  more  fortunate  in  preserving 
their  collections  from  the  many  mishaps  inseparable  from  mountain- 
travel.  The  horse-flies  (TiCbanidce)  were  found  in  great  numbers  at  the 
timber-belt,  but  seldom  ventured  far  above  it,  and  were  never  seen  on 
the  sununit  of  the  higher  peaks.  The  blow-fly  (Mn^ica  erythrocephala)  was 
found  everywhere  at  all  elevations,  and  seriously  interfered  with  the 
preservation  of  natural-history  specimens,  besides  proving  very 
destructive  to  articles  of  food  at  altitudes  below  10,000  feet. 

The  bee-order  is  well  represented  in  the  collection  ;  four  new  species 
of  Uymenoptcra  being  found.  The  humble-bee  was  always  to  be  seen 
in  midsummer  at  the  verge  of  the  alpine  flora,  busily  engaged  in  col- 
lecting its  store  of  pollen  from  the  few  flowers  to  be  found. 

The  principal  and  most  interesting  result  obtained  from  the  study  of 
this  collection,  is  the  demonstration  of  the  fact  that  the  alpine  insect- 
fauna  of  the  Rocky  Mountains  is  nearly  identical  with  that  of  Mount 
Washington  (New  Uampshire),  Labrador,  and  Alaska ;  and  that  insects 
which  are  found  upon  mountains  at  great  elevations  will  likely  occur  in 
a  much  higher  latitude  at  a  less  elevation. 

Insect-life,  with  the  exception  of  the  grasshoppers,  is  more  abundant 
in  the  foothills  than  the  plains  near  the  foot  of  the  mountains.  An 
altitude  of  about  seven  thousand  feet  appeared  to  produce  the  greatest 
variety  of  species. 

I  desire  to  express  my  thanks  to  Dr.  A.  S.  Packard,  jr.,  for  valuable 
assistance  rendered  in  the  determination  of  species;  also  to  Prof.  T. 
Glover,  of  the  Agricultural  Department,  wiio  kindly  i)laced  his  admira- 
ble entomological  plates  and  the  public  collections  at  my  service. 
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HYMENOPTERA. 


Atlantus  basilaris,  Say. 
Lyda  Carpenterii,  Cress.,  new  spe- 
cies. 

Ichneumon (?). 

Icbneamou (?), 

Lamprouota (!). 


Cryptns  robustas.  Ores. 
Ammopbila  robusta,  Cres. 
Oclynerus  tigris,  Sauss. 
Bombus  termarlas.  Say. 
Formica . 


LEPIDOPTERA. 


Pieris  occidental!  s,  Reakirt. 
Parnassius  Soiintbeus^Doub.,  3  va- 
rieties, 
t  Chionobas  Semidea,  Say. 
Argynnis  Freya,  Esper. 


Militiea  Nubegiua,  Edw. 

Auarta . 

tt  Arctia  Quenselii,  PaykuU. 
t  Agrotis  Islaudica,  Staudinger. 
Tortricidje . 


DIPTERA. 


Tabanidce,  2  species. 
Therevidae,  1  species. 
Tipulidie,  2  species. 
Syrpbus  obliquus,  Say. 
Musca  erytbrocephala,  Meigs. 
Musca . 


Mnsca . 

Musca , 

Bibionidie,  1  species. 
Dolicbopus  (!). 
Cbironomidie,  1  species. 


COLEOPTERA. 


*  Oarabus  taidatus,  Fabr. 
t*  Nebria  Sahlbergii,  Fiscb. 

*  Amara  terrestris,  Lee. 
t  Ainara  obtusa,  Lee. 
Silpha  ramosu,  Say. 

t  Podabrus  Ifevicollis,  Kirby. 
Collopa  cribrosus,  Lee. 

*  Dendroctonus  obesus,  Mann. 


Calopus  angustus,  Lee.  . 
Stereopalpus  guttatus,  Lee. 

*  Adoxus  vitis,  Linn. 
Ohrysomela  dissimilis.  Say. 
Trirbabda  convergeiis,  Lee. 
Hippodamia  pareuthesis,  Say. 
Coccinella  transversogutta,  Fald, 

♦  Alopbus  alternatus,  Sa3\ 


HEMIPTERA. 


Lygcens  reclivatus,  Stal. 
Lygieus  circumciuctus,  Stal. 


Calopteuns  spretus,  TJhl. 
Platypbyma  montana,  Thos. 


Aradus  americanus,  Fab.  (niiinis). 


ORTHOPTERA. 


Steuobotbnis   Carpenterii,    Thos., 

new  species. 
Decticus . 


LARV^. 


PhryganeidaB. 

Arctia . 

Agrotis  Islaudica  (1). 
TortricidflB . 


Bibionidae  (?). 

Harpalns 

TipulidoB 


*  Found  also  in  Alaska. 

t  Found  also  in  Labrador. 

t  Found  ilso  ou  Mount  Washington,  New  Hampshire. 
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PUP.E. 


Mycetophilidao. 


I  Vesparije. 


MYRIOPODA. 


Idthobiuus  Americanus,  li^ewport. 


Attoidoe,  1  species. 
Drassoiuae,  5  species. 
Theridoidce,  1  species. 


ARANEINA. 


Tliomisoidse,  2  species. 
Lycosoidaj,  14  species. 


EXTOMOSTRACA. 


Dapbnia  pulex. 


MOLLUSCA. 


Zonites  nitidus,  MtiUer. 


LIST  OF  SPECIES  OF  BUTTERFLIES  COLLECTED  BY  LIEUT. 
W.  L.  CARPENTER,  U.  S.  A.,  FOR  THE  UNITED  STATES 
GEOLOGICAL  SURVEY  OF  COLORADO,  1873. 


By  W.  II.  Edwakds. 


Pa]>ilio  Ratulus,  Boisduval. 

Eurymedou,  Boisduval. 
Parnassius  Smiiitheus,  Doubleday. 
Pierio  olerace-a,  Boisduval. 
Protodice,  Boisduval. 
occidentalis,  R^akirt. 
Autbocaris  Julia,  Edwards. 

Ausouides,  Boisduval. 
Golias  Eury tbeuie,  Boisduval. 
Kee  way  dill,  p]d  wards. 
Scudderii,  lleakirt. 
Alex<aDdra,  Edwards. 
Meadii,  Edwards. 
Danais  Archippus,  Cramer. 
Euptueta  Claudia,  Cramer. 
Argyuuis  Halcyouc,  Edwards. 
Eurynomes,  Edwards. 
Hesperis,  Edwards. 
Freya,  Esper.. 
Heleua,  Edwards. 
Milita^a  nubigeria,  Belir. 


Militoa  minuta,  Ed\vards. 
Pbyciodes  Carlota,  Reakirt. 

Camillus,  Edwards. 
Grapta  zephyrus,  Edwards. 
Vanessa  Autiopa,  Linuaeus. 
Pyrameis  Atalauta,  Liuua^us. 
Limeuitis  Weidemeyerii,  Edwards. 
Coinouympba  ocbracea,  Edwards. 
Satyrus  silvestria,  pjdwards. 

C baron,  Edwards. 

Ridiugsii,  Edwards. 
Erebia  Epipsodea,  Butler. 
Cbionobas  Cbryxus,  Doubleday. 

Semideii,  Say. 
Chryaophaniis  Helloides,  Boisduval 
Lycieua  Acmon,  Hewitsou. 

rustica,  Edwards. 
Eudamua  Tityrus,  Fabricius. 
Ilesperia  tesselata,  Scudder. 
Ocytes  Draco,  Edwards. 


ON  THE  GEOGRAPHICAL  DISTRIBUTION  OF  THE  MOTHS  OF 

COLORADO. 

[Fig8. 1-15.] 
By  a.  S.  Packard,  Jr.,  M.  D. 

The  following  remarks  are  based  largely  on  specimens  of  moths  col- 
lected in  Colorado  by  Lieut.  W.  L.  Carpenter,  attiiched  to  the 
United  States  geological  and  geographical  Survey  of  the  Territories, 
in  the  summer  of  1873.  The  material  is  particularly  interesting  as 
throwing  more  light  on  the  alpine  insect  fauna  of  the  Rocky  Mountains 
than  any  collection  previously  made,  so  far  as  I  am  aware.  1  have  also 
been  allowed,  through  the  kindness  of  Mr.  T.  L.  Mead,  of  New  York 
City,  to  incorporate  much  valuable  material  collected  by  him  at  different 
X)oints  in  Colorado  Territory,  with  the  special  localities  and  elevations 
given.  The  aid  thus  aflForded  by  Mr.  Mead's  collections  is  invaluable. 
I  have  also  received  a  few  specimens  from  Colorado,  collected  and  pre- 
sented to  me  by  Mr.  Ridings,  of  Philadeli)hia.  With  the  aid  of  these 
collections,  and  quite  a  full  series  of  Californian  Lepidopiera^  collected  by 
Mr.  11.  Edwards,  and  a  large  number  of  Fhalcenidic,  obtained  by  Mr.  G. 
R.  Crotch  in  Vancouver  Island  and  neighboring  localities  (contained  in 
the  Museum  of  Comparative  Zoology),  we  are  furnished  with  some  most 
important  facts  in  the  geographical  distribution  of  the  Lepidopt^a,  and 
particularly  of  the  family  of  geometrid  moths  {PhalmM(v). 

First,  as  to  the  nature  of  the  alpiure  fauna  of  the  mountains  of 
Colorado.  The  results  obtained  by  Lieutenant  Carpenter  are  extremely 
interesting,  as  showing  that  on  the  peaks  above  a  line  of  12,000  feet  the 
fauna  is  as  truly  alpine  as  on  the  summits  of  the  Alps  or  the  top  of 
Mount  Washington,  in  New  Hampshire.  Several  species  occur  there 
wliith  are  also  found  on  the  Swiss  Alps,  as  well  as!Mouut  W^ashingtou, 
and  in  Labrador  and  Greenland,  at  the  level  of  the  sea. 

jVmong  the  butterflies,  1  learn  that  Chionohas  semidea  Say,  heretofore 
only  found  on  the  sunnnit  of  Mount  Washington,  New  Hampshire,  has 
been  discovered  by  Lieutenant  Carpenter  at  the  same  elevation  (12,000 
feet  and  upward)  as  the  moths  mentioned  in  the  following  table.  This 
establishes  the  complete  identity  of  the  faunas  of  the  alpine  summits  of 
the  United  States  at  or  above  the  snowiline.  The  following  tiible  shows 
the  distribution  of  the  live  alpine  and  arctic  Lepidaptera  up  to  this 
time  known  to  inhabit  the  alpine  summits  of  Colorado  : 


Chioiiobaa  seniUlea . . . . 

Arrtia  Qiicnsc?lii 

Aniirta  melanopa 

Agio  tit  Islandica 

PlaHia  nochenwarthi. . 


Mount 
i  Woshingtoii. 


X 

X 
X 


Labrador. 

Greenland. 

Iceland. 

Alps. 

X 

X 

X 

X 

X 

X 

3t 

X 

X 

Lapland. 


Two  specie  of  A)iarta  were  collected  by  Lieutenant  Carpenter  in  com- 
pany with  Arctia  QuenseliL  &c.,  but  they  were  too  much  rubbed  for 
identification.  It  is  possible  that  they  were  Anartaquadrilunata^  Grote, 
and  A.  auh/useala^  Grote,  (recorded  from  Colorado  in  Proc.  Bost.  Soc. 
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y.  TT.,  Jan.,  1874,  24-4),  and  closely  allied  to  Anarta  melanopa  and  A, 
liichardsoni  (A.  algida)^  respectively.  I  should  state  that  A.  melanopaj 
Tlianb.,  is  recorded  as  occurring  there  on  the  authority  of  Mr,  Grote. 
All  three  species  were  collected  by  Mr.  T.  L,  Mead  in  Colorado.  It 
shouhl  be  borne  in  mind  that  the  alpine  fauna  of  Colorado  also  comprises 
a  few  species  not  found  in  other  alpine  regions ;  such  are  the  two  species 
of  Anarta  and  two  of  Chionobas  (C.  Chryxus  and  G.  Uhkrij  the  former 
occurring  at  Hudson's  Bay). 

The  following  table  shows  the  distribution  of  eight  species  of  PJialcC' 
nidw,  which  are  found  at  an  elevation  of  about  8,0()()  to  9,000  feet, 
around  the  base  of  the  mountains.  They  are  subalpine  and  eircum- 
polar  species,  and  also  occur  in  the  lowlands  of  north  temperate  America 
and  Europe. 


n.Ar'^A^  Moimt  WuRh- 
I  Coloraao.        j^^^^^^ 


Laivutia  ciCHiata 

Cidai  ia  populata 

Ciiluria  luuubrata 

Ciilaria  tCMtata 

r''»r<'inia  iVrriij^ata 

3Iolanippo  ba»)tata  . . . 
Molaiiippi^  trlKtata  . . . 
Mr'Iainiipvt  Iii<;ubrata 


X 
X 
X 

X 
X 

X 
X 


X 
X 


Labnulor. 

Iceland. 

Alps. 

LapUuid. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Monntains 
of  Asiu. 


X 
X 

X 

X 
X 
X 
X 


Ckhma  tcstaia  and  C.  htgubrata  will  undoubtedly  occur  in  the  White 
^Tountains,  as  well  as  Melanippe  Inguhrata^  since  all  except  C.  Ivguhrata 
have  been  found  in  different  parts  of  Northern  New  England.  We  are 
also  to  look  for  Larentia  dUtitata{S.y.)  in  Colorado,  as  it  occurs  in  New 
England,  and  in  Europe  and  Asia.  From  the  facts  here  presented,  it 
will  be  seen  how  important  it  is  to  compare  species  occurring  in  nearly 
identical  isotherinal  lines  around  the  globe,  and  to  study  the  variations 
in  those  species  ns  occurring  on  opi)osite  sides  of  the  same  continent,  in 
comimrison  with  those  on  different  continents.  The  facts  offered  in  this 
l)aper  are  exceedingly  scanty,  but  yet  indicate,  so  far  as  they  go,  some 
interesting  laws  of  climatic  variation,  which  tend  to  confirm  the  generali- 
zations established  by  Professor  Baird  and  Mr.  J.  A.  Allen,  as  regards 
the  avifauna  of  North  America.  I  should,  however,  state  that  the  fact 
of  variation  in  species  common  to  both  sides  of  our  continent  were  forced 
upon  me  by  a  study  of  the  specimens  themselves,  without  at  the  time 
having  the  views  of  our  ornithologists  in  mind.  The  species  below  be- 
long to  but  four  lepidopterous  families,  the  Vterophoridie^  Phalwnidw^ 
Noeinida\  and  Bomhjcida\  In  all  those  enumerated,  as  noticed  more 
fully  in  the  remarks  under  each  species,  tbe  Colorado  (when  the  species 
occurs  there)  and  Paciiic  coast  individuals  are  larger,  and,  in  some  cases, 
with  longer,  more  pointed  wings,  than  in  those  from  Labrador  or  New 
England,  and  in  a  few  species  show  a  tendency  to  become  lighter  in 
color.  I  believe  that  it  will  be  found  that  these  differences  are  due 
almost  solely  to  climatic  causes.  The  climate  of  the  Colorado  Mount- 
ains and  of  Vancouver  Island  is  much  warmer  than  that  of  Northern  New 
England  and  Labrador.  The  mean  annual  temperature  of  Victoria,  Van- 
couver Island,  is  50^,  that  of  New  York  being  the  same;  while  that  of 
Labrador  is  32o-30o,  According  to  Professor  Guyot  (l?hysical  Geog- 
raphy), the  annual  rain-fall  of  Astoria  (about  one  hundred  and  twenty 
miles  south  of  Vancouver  Island)  is  86  inches,  while  that  of  Saint  John's, 
Newfoundland,  is  G3  inches  (this  is  probably  the  same  as  the  southern  and 
eastern  coast  of  Labrador).  The  rain-fall  of  the  Rocky  ^lountain  region 
is  colored  on  Guyoi's  map  the  same  as  that  of  the  Ural  and  Altai  Mount- 
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ains.  The  annual  rain-fall  of  Fort  Dalles,  Oreg.,  is  22  inches,  while 
that  of  Nertchinsk,  in  the  Altai  Mountains,  is  17  inches,  that  of  Peking 
being  24  inches ;  so  that  the  rain-fall  of  the  elevated  plateau  of  Eastern 
Asia  and  of  Colorado  is  nearly  the  same.  Again,  the  annual  rain-fall 
of  the  Alps  on  their  southern  slopes  is  from  60  to  90  inches ;  here  we 
have  quite  similar  conditions  to  those  of  the  Cascade  range  in  Oregon. 
These  facts  seem  to  explain  the  corresponding  facts  in  the  variation 
of  the  moths  in  the  table  given  below.  The  warmer  and  more  humid 
Pacific  slopes  of  America  cause  a  more  luxurious  growth,  a  greater 
development  of  the  peripheral  parts  of  the  body,  and  slight  changes  in 
coloration.  The  climatic  conditions  of  the  Rocky  Mountains  and  Alps 
beiug  more  alike  than  the  White  Mountains  and  Alps,  we  have  certain 
identical  features  in  the  variation  of  the  alpine  species  of  moths  of  those 
two  ranges  of  mountains  which  are  not  found  in  comparing  White 
Mountain  aud  Labrador  specimens  with  those  from  the  Alps  of  Europe.* 


Pterophorns  cinereidnctylas. 

Larentia  ccosiata 

Larcntia  cuiuatilis  * 

Cidaria  tnucatat 

Ciilaria  lagubnita 

Cidaria  abrasaria  I 

Scotoeia  dnbitata 


Camptoj^raroma  fiuviata,  9 
Macaria  dispuncta 


New  EDgland.'     Labrador. 


Eainacaria  bninnearia 

Zerone  caU>naria 

Azelina  niibueruria  §  . 
TepbroHia  canadaria  || 
Drastciia  erechtca  ** . . 
Flusia  Uocbcnwartbi . 


Agnrotis  Islandica. . 
Lithoeia  ar^^Uacea. 


Wings  shorter 

Smaller •  Smaller 

Smaller ; 

Smaller '  Smaller 

Stunted 1  Stan  ted 

Smaller j  Smaller 

Smaller    and  I  Smaller 

paler. 
Smaller  ... 
Smaller  ... 


I 


Colorado. 


Pacific  coant. 


Larfi^er. 
Larger. 


Larger. 


Smaller 
Smaller 
Smaller 
Smaller 
Smaller 


Stunted 
darker. 


and 


Smaller 


Smaller,  with 
faded  whitish 
hind- wings. 

Smaller 


Larger 
Larger 


Larger  

Larger,  with  hichly 

colored     yellow 

hind-wings. 
Larger ;  bleached . 


Wings  longer. 

Larger. 

Larger. 

Larger. 

Larger. 

Larger. 

Larger  and  darker. 

Larger. 

Larger  and  paler. 


Larger. 

Larger. 

Larger  and  highly 
colored. 


I^^rger. 


*  Seven  out  of  teu  Colorado  and  Califoruian  examples  (length  of  fore-wing,  d*,  0.G2  inch)  art)  consider- 
ablv  larger  than  three  eastern  examples  fh)m  New  York  and  Maine  (0.55  Inch). 

t^rhreo  specimens  from  Iceland  are  darker  than  four  fhtm  Labrador,  and  show  great  variation. 
Labrador  aud  White  Mountain  specimens  the  same.  All  are  sTn.iller  than  those  from  the  Pacidc  coost. 
In  specimens  from  San  Diego,  Cal.,  the  wings  are  much  broad*  r  than  in  Vancouver  Island  ones.  Length 
of  fore-wing  in  three  Ict^land  specimens,  O.Gl  inch  :  four  Labrador,  0.C4  inch ;  eight  Wliito  Mountain, 
0.C4  inch  ;  three  Vancouver  Island,  U.70  inch  ;  two  San  Diego,  0.76  inch.  This  species  varies  much  as 
Maearia  dispuncta. 

t  This  species  also  yaries  in  the  same  way  as  Macaria  dUnuneta  and  Cidaria  truneata.  Two  Lapland 
individuals  are  much  smaller  and  darker  than  two  Labrador  and  one  White  Mountain ;  and  the  latter 
.ire  smaller  and  slightly  darker  than  seven  from  Vancouver  Island.  Length  of  fore-wing  iu  largest 
Lapland  moth.  0.50  inch  ;  Labrador,  0.54 ;  Vancouver  Island,  0.G4  inch. 

§  Five  cf  Californian  examples  (0.90  inch)  are  much  larger  than  six  from  New  England  and  Illinois,  in 
which  the  fore-wing  in  the  largest  specimen  is  0.77  inch  long.  The  Californian  moths  have  the  r.otches 
and  points  much  bettor  marked  on  both  pairs  of  wings  than  iu  eastern  examples. 

II  Two  Californian  moths  (0.80  inch)  are  a  little  larger  than  eight  from  the  Atlantic  States ;  (length  of 
fore- wing,  0.88  inch). 

**  On  comparing  IW  specimens,  the  California  and  Oregon  exampltas  measure  thus :  Length  of  longest 
fore-wing,  0.97  isch ;  of  New  England  examples,  0.83  inch. 

It  will  be  seen  from  the  facts  here  presented  that  the  moths  i)robably 
follow,  as  regards  size,  a  law  the  reverse  of  that  established  by  Profes* 
sor  Bairdt  for  the  birds  and  mammals,  who  shows  that  they  decrease  iu 

*  In  tins  counectiou  we  may  state  that  it  woald  bo  very  desirable  to  uotice  what 
ohanges,  if  auy,  have  been  induced  iu  Earopean  species  iutroduced  by  inau  into  the 
Moravian  settlements  of  Labrador. 

t'^The  distribution  and  migrations  of  North  American  birds/'  Amer.  Joum.  Sc., 
xii,  Jan.  and  March,  1866.  Seealso  J.  A.  Allen,  Bull.  Mns.  Comp.  Zool.,  ii,  1871,  **0n  in- 
dividual and  geographical  variation  among  birds.  &,c. ;  and  R.  Ridgway,  **  On  the  rela- 
tion between  color  and  geographical  distribution  iu  birds  as  exhibited  in  melauiamuud 
hyperchromism/'  Amer.  Jouru.  Sci.,  iv,  Dec,  1872,  p,  454 ;  v.  Jan.,  1873,  p.  39. 
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size  southward,  though  his  law  of  increase  in  the  length  of  certain  j>e- 
ripheral  parts  westward  also  obtiiins  in  the  LepidopUra,  The  increase 
of  size  westward,  as  seen  in  the  table  on  p.  541,  is  of  course  e<iui  valent  to 
the  well-known  southward  increase  of  size  in  insects;  though  in  a  few 
species  the  Ooloradian  and  Californian  examples  are  larger  than  Flori- 
dan  or  Texan  insects  of  the  same  species. 

The  Esquimaux  of  the  Pacific  coast  show  the  effect  of  the  difference  of 
climate,  being  much  taller  and  larger  than  the  stunted  Greenland  and 
Labrador  Esquimaux.  Mr.  W.  H.  Dall,  in  his  "Alaska,''  remarks  that 
"the  average  height  of  the  Orarians  [lunuit,  Aleutians,  and  TdskiJ, 
except  among  the  stunted  tribes  of  the  extreme  north,  will  average  as 
great  as  that  of  their  Indian  neighbors.''  Even  the  white  inhabitants  who 
have  moved  to  California  from  the  Eastern  States  are  said  to  find  the 
climate  !nore  favorable  to  health  than  in  the  Atlantic  States.  Cultivated 
fruits  are  well  known  to  grow  larger  and  morelnxuriaiitlj*  in  the  Pacific 
States  than  in  the  Atlantic,  whence  they  have  been  brought. 

As  regards  the  causes  of  these  climatic  changes,  I  find  I  have,  with- 
out having  previously- read  Mr.  Allen's  valuable  chapter  on  this  subject 
{loc.  cit.j  -30),  written  the  foregoing  remarks  on  the  relation  of  the  climatic 
variation  of  these  insects  to  the  temperature  aud  humidity  of  the  reg;ion 
they  inhabit,  which  agree  with  hisviews.  Of  the  insects  above  mentioned, 
Plmia  Hochemcarthl  and  Agrotis  Islandica  are  the  clearest  examples  (1) 
of  the  increase  of  size  westward  and  southward;  (2)  i!icrease  in  le!igtb  of 
peripheral  parts  westward;  (3)  brighter, deeper  colors  westward;  (4  Agro- 
tis lalandica)  of  brighter,  more  reddish  colors  in  Pacific-coast  specimens 
than  in  those  from  the  more  elevated  portionsof  the  Rocky  Mountains,  near 
the  snow-line,  where  the  winters  are  arctic,  L  e.,  cold  and  dry,  those  fmm 
the  Alpine  summits  of  the  interior  being  bleached.  This  law  should  not 
be  confounded  with  that  established  by  the  ornithologists,  which  refers 
to  the  bleached  appearance  of  individuals  from  the  dry,  hot  plateau  of 
the  interior,  or  middle  zoological  province  of  North  America.  These 
facts  in  the  geographic^al  distribution  of  insects,  though  they  can  hardly 
be  called  laws  until  confirmed  by  a  greater  number  of  data  drawn  from 
all  orders  of  insects,  yet  illustrate,  to  my  mind,  how  far  climatic 
variation  goes  as  a  factor  in  producing  i)rimary  differences  in  faunas 
within  the  same  zone  of  temperature.  Varietal,  and,  in  some  cases,  8i)e- 
cilic,  difi'erences  may  have  arisen  in  Asia  and  Europe  and  in  America, 
from  the  climatic  causes  above  stated  ;  but  these  must  have  been  largely 
inoperative  in  causing,  for  example,  tiie  present  wide  distribution  of  the 
circumpolar  species.  Here  continuity  of  land,  geological  aud  not  climatic 
causes,  Jilone  came  in  as  a  factor.  And  so,  on  the  other  hand,  in  account- 
ing for  the  species  aud  types  of  genera,  distinguishing  faunas  in  zones 
of  similar  temperature,  geological  ciiuses  have  been  the  main  factor 
in  their  production.  For  example,  we  cannot  explain  the  similarity 
between  the  insect-fauna  of  the  Pacific  States  and  Colorado,  aud  that 
of  Eastern  Euroi)e  and  Central  Asia  without  supposing  the  original 
migration  of  those  identical  generic  forms  from  aMesozoic  and  Tertiary 
continent  in  the  arctic  region,  and  their  preservation  through  similar 
climatic  and  physical  causes  in  their  present  areas. 

In  an  essaj'  on  the  geographical  distribution  of  the  Fhalcenidw  of 
California,*  I  divided  the  phalicnid  fauna  into  four  groups.  To  the 
seco!id  of  these  groups,  embracing  species  of  genera  found  in  Southern 
and  Eastern  Europe  aud  Western  Asia  and  Asia  Minor,  can  be  added 
the  following  species  (which  live  in  part  both  in  Colorado  and  California) : 

•American  Naturalist,  vii,  453, 1873.    Proceedings  Boat.  Soc.  N.  H.,  Jan.,  1874,  xvi,  13. 
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Lithostege  triseriata  (Colorado  and  California);  L,  roUmdata  (California); 
Lobophora  montanaia  (Colorado);  Euaspllates spinaiaria  (Colorado);  Pha- 
siane  Meadiana  (Colorado);  Aeidalia  quinqu€-li)iearia  (California  and 
Colorado);  and  Caulostoma  occiduaria  (Colorado  and  Oregon).  Each  of 
these  species  have  representatives  which  do  not  occnrin  Eastern  North 
America  nor  in  Western  Europe,  t.  e.,  on  the  AtUmtic  coast,  but  ia 
Central  and  Southern  and  Eastern  Europe  and  Asia  Minor,  Turkey,  and 
Western  Asia,  but  not  in  India  or  Eastern  Asia,  L  e.,  China  or  Japan, 
so  far  as  yet  known.  Now,  to  account  for  this  community  of  pjenenc 
types  in  regions  so  remote,  we  must  suppose  that  the  nearly  identical 
general  climatic  features  of  those  two  areas  favored  the  preservation  of 
these  generic  forms,  which  are  almost  exclusively  north  temperate, 
and  characteristic  of  broad,  elevated  plateaus  in  the  interior  of  the 
two  continents.  These  forms  are  not  of  tropical  origin,  and  I  cannot 
account  for  their  origin  otherwise  than  from  an  ancient  arctic  continent. 
The  fauna  of  the  Eastern  Atlantic  States  is,  as  regards  the  continent,  a 
littoral  assemblage,  au(l  thus  equivalent  to  the  fauna  of  Eastern  Asia 
{i.  e.,  Japan  and  China  and  India),  which  occupies  the  region  borderiug 
the  PHcitic  Ocean.  Whatever  may  be  our  theories  regarding  the  origin 
of  these  great  zoological  regions,*  we  have  similar  regions  with  analogous 
(i.  e.,  having  the  same  generic)  types  in  Asia  and  Europe  combined, 
dividing  the  north-temperate  zone  into  six  zoological  (and  probably 
botanical)  divisions,  with  analogous  geological  and  meteorological  fea- 
tures; and  to  account  for  closely  similar  features  in  moths  inhabiting  the 
elevated  plateaus  of  Colorado  and  California  and  Central  Europe  and 
Asia,  we  can  only  say  that  the  similar  climatic  features  of  those  regions 
have  induced  their  preservation  there  and  extinction  elsewhere,  while 
originally  descended  from  a  common  stock,  which  had  its  origin  to  the 
northward.  I  imagine  that  much  the  same  continuity  of  life  existed  iu 
Mesozoic  and  Tertiary  times  in  the  ancestors  of  these  north-temi)erate 
forms,  as  now  exists  in  the  circumpolar  fauna,  and  that  in  fact  this  north- 
temperate  fauna  of  the  globe  was  in  Mesozoic  and  Tertiary  times  the 
then  circumpolar  fauna. 

It  will  be  seen  by  the  present  list  how  largely  we  have  been  able  to 
add  to  the  range  of  circumpolar  forms,  by  a  glance  at  the  tables  pre- 
ceding.  Those  tables,  which  show  how  limited  is  the  distribution  of  the 
moths  there  mentioned  in  alpine  regions  south  of  the  polar  regions  of 
America  and  Europe  and  Asia,  which  form  small  "islands"  rising  out 
of  the  north-temperate  zone,  evince  the  degree  of  change  undergone 
by  the  circumpolar  fauna  since  the  wane  of  the  glacial  period.  It  shows 
the  inadequacy  of  climatic  causes  within  the  X)resent  geological  period 
to  account  for  the  origin  of  any  except  varietal,  and,  in  some  cases,  sne- 
citic  forms.  Many  of  the  forms,  the  study  of  which  has  led  me  to  tlieso 
reflections,  I  have  at  first  regarded  as  distinct  species,  and  in  some  cases 
described  them  as  such,  but  I  fully  agree  with  Mr.  Allen's  practice  of 
uniting  many  so-called  species,  whenever  we  can  find  connecting  links. 
It  is  of  the  greatest  importance  to  follow  circumpolar  and  north-tem- 
perate faunas  around  the  globe,  from  continent  to  continent,  with  amjile 
means  for  comparison  before  us.  It  will  then  bo  seen  how  inadequate 
must  be  our  views  of  the  geographical  distribution  of  the  animals  and 
plants  of  our  own  continent,  without  specimens  from  analogous  regions 
in  the  same  zone  in  the  Old  World.  It  will  be  found  that  for  the  study 
of  our  insect-fauna  of  the  Rocky  Mountain  and  Pacific  States  we  must 
have  ample  collections  from  the  Ural  and  Altai  Mountains  and  sur- 

*Tbe  Easteni,  Middle,  and  Wentem  North  American,  as  limited  by  Professor  Buird 
(Amer.  Journ.  8c.,  Jan.,  Iti65,p.  5,6). 
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rounding  plateaus,  while  a  study  of  the  Japanese  and  Hindoo-Chinese 
faunas  must  accompany  examinations  of  the  eiistern  or  Athiutic  fauuas; 
just  as  we  are  daily  obliged,  while  examining  the  Middle  Americau 
temperate  fauna,  to  study  West  Indian  and  Central  American  and  even 
tropical  South  American  forms,  some  of  which  spread  as  far  north  as  the 
headwaters  of  the  Mississippi  and  even  Maine  and  Canada. 

TORTRICID^. 

A  larva  of  this  family,  with  a  flattened,  pale,  flesh-colored  body,  and 
pale,  testaceous  head  and  prothorax,  length,  0.-10  inch,  occurred  at  an 
elevation  of  above  12,000  feet  (Lieutenant  Carpenter), 

PYEALID^. 

Cramhus  CarpcntereUtia  n.  sp.  (Fig,  1,  wing  enlarged),  6,^;  3,  9;  a 
large  species,  allied  in  its  style  of  markings  to  C.  agitatellusy  Clem.,  of 
the  Eastern  States,  Ilead,  thorax,  and  palpi  tawny  ochreous;  ab- 
domen and  hind  wings  white ;  lore  wings  with  a  broad,  prominent, 
longitudinal,  white  streak,  occupying  the  discal  area,  i.  e.,  between  the 
subcostal  and  median  veins,  extending  from  the  base  of  the  wing  rather 
nearer  the  outer  edge  than  in  (7.  agitatellus.  Just  before  the  end  of  the 
streak,  a  linear,  minute  branch  is  sent  ofl:*  from  the  costal  side,  and  from 
the  middle  of  the  lower  side  a  short  snag  is  sent  off,  with  a  dark  streak 
in  continuation  ;  while  along  the  opposite  side  is  a  dark  streak.  There 
is  no  parallel  white  costal  streak,  as  in  C.  agitatellus.  Below  the  white 
streak,  the  wing  is  clearer  yellow  than  elsewhere.  The  outer  transverse, 
angulated,  silvery- white  line  is  somewhat  as  in  C.  agitatelhis^  but  nearer 
the  edge  of  the  wing,  and  bent  angularly,  and  not  incurved  below  the 
bend.  The  line  is  bordered  on  each  side  by  two  oblique  costal  lines, 
widening  on  the  costa ;  apex  brown,  with  a  white  triangle  below;  still 
"below  a  marginal  row  of  about  six  distinct  black  dots;  within  the 
transverse  white  line  the  usual  parallel  golden  lines;  fore  wings 
beneath  dusky  ;  hind  wings  much  paler. 

Length  of  body,  0.44  inch ;  of  fore  wing,  0.55  inch. 

Mountains  of  Colorado,  July  19,  August  12,  September  8  (Lieuten- 
ant Can)euter). 

This  tine  species,  named  in  honor  of  Lieut.  W.  L.  Carpenter,  U.  S.  A., 
who  has  done  much  to  add  to  our  knowledge  of  the  lepidopterous  fauna 
of  Colorado  Territory,  particularly  the  more  elevated  portions,  appears 
to  be  a  common  species.  It  is  allied  in  the  general  style  of  markings  to 
C  agitatellus^  Clem.,  of  the  Eastern  States,  but  diflers  from  it  in  wanting 
the  costal  white  streak  ;  in  the  submarginal  white  line  being  bent  angu- 
larly, not  sinuous  below  the  bend  ;  and  in  being  nearer  the  outer  edge  of 
the  wing.  I  have  no  Californian  species  with  which  to  compare  it.  It  is 
still  nearer  allied  to  C  luimellusj  of  Europe. 

Cramhus^  a  species  allied  to  C  mutahiliSj  Clem.,  but  not  in  a  proper 
condition  for  description,  occurred  at  Fair  Play,  July  10  (LieuU^nant 
Carpenter).  The  same  species  appan^ntly  occurs  in  Oregon  (Museum 
Peabody  Academy  of  Science,  Salem,  Mass.) 

Another,  smaller  species,  dark  slate-colored,  with  dark  hind  wings 
0(;curred  at  Twin  Lakes  and  on  the  mountains  of  Colorado,  July  22 
to  August  12,  (Lieutenant  Carpenter). 

NomojMla  noctuella^  Schiff. — One  si>ecimen  was  taken  at  Fair  Play, 
July  IG  (Lieutenant  Carpenter),  which  does  not  differ  from  specimens 
iVom  Oregon  and  California  and  the  Eastern  Stiites.  The  occurrence  of 
tiiis  species  among  the  mounUuns  of  Colorado  is  additional  evidence 
that  it  is  autocthonous  in  North  America. 
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Family  PnALJENiDiE. 

Baptria  alhofasciata^  Grote. — "Pike's  Peak''  (Grote).  It  may  here  be 
said  that  four  Baptria  albovittataj  Guen.,  from  Victoria,  Vancouver 
Island,  do  not  differ  in  size  or  coloration  from  eastern  examples. 

Lithostegetriseriata,  Pack.  (Rep.  Peab.  Acad.  Sc,  1874). — Denver  City, 
Col.,  June  3,  27  (T.  L.  Mead). — This  is  the  first  occurrence  of  this  genus 
in  America.    Another  s^iecies  inhabits  California. 

Larentia  ccesiata,  S.  V.  {Gidaria  aurata,  Pack.,  Proc.  Boston  S.  N.  H., 
XI,  51,  1867).— Vicinity  of  Georgetown,  8,000  or  9,000  feet  elevation, 
Colorado  (T.  L.  Mead).  Tbe  Colorado  examples  expand  from  1.45  to  1.55 
inches;  the  markings  just  as  in  Labrador  and  White  Mountains  (New 
Hampshire)  speciinens,  though  with  perhaps  more  golden  scales.  The 
Labrador  specimens  are  a  little  stunted,  expanding  from  1.40  to  1.45 
inches;  they  agree  with  specimens  from  Iceland  as  to  general  appear- 
ance and  size,  but  are  not  quite  so  dark  and  have  more  golden-yellow 
specks.  I  have  seen  no  specimens  from  this  country  or  Labrador  with 
such  clear  markings  as  in  those  received  from  the  Austrian  Alps,  though 
the  American  specimens  are  rubbed.  In  size,  the  Colorado  individuals 
resemble  the  European  ones.     Near  Turkey  Creek  Junction. 

Lobophora  wonfan«/a.  Pack.  (Rep.  Peab.  Sc,  1874). — Colorado,  June  28 
(T.  L.  Mead).  This  very  interesting  species  is  closely  related  to  L.  hah 
terata^  which  occurs  in  Central  and  Southern  Europe  and  Middle  Lap- 
land. It  is  also  closely  allied  to  L,  carpinata,  found  in  Central  and 
Southern  Europe  as  well  as  in  Eastern  Siberia,  the  Ural  Mountains  and 
Amur. 

Cidarm  popnlata  (Linn.) — One  specimen  occurred  in  the  vicinity  of 
Berthoud's  Pass,  Colorado,  12,000  to  13,000  feet  elevation,  August  10 
(T.  L.  Mead).  On  comparing  this  single  example  with  specimens  from 
Massachusetts,  the  White  Mountains  of  New  Hampshire,  and  several 
from  Victoria,  Vancouver  Island  (G.  R.  Crotch,  Mus.  Comp.  Zool.),  it 
differs  in  there  being  three  well-marked  teeth  in  the  outer  edge  of  the 
median  band ;  the  inner  edge  above  the  median  vein  is  jagged  instead 
of  straight  as  usual,  while  the  coloration  is  the  same.  I  have  had  no 
European  specimen  for  comparison,  but  it  agrees  with  figures.  It  occurs, 
however,  in  Labrador  (Moeschler).  In  Europe,  it  occurs  in  the  central 
and  southern  poitions  and  in  the  Ural  and  Altai  Mountains  and  Amur. 

C  luguhrata^  Moeschler  (C  nuhilata^  Pack.,  Proc.  Bost.  S.  N.  H.,  1807). 
IVIountains  of  Colorado,  July  19,  September  8  (Lieutenant  Carpenter); 
Denver  City,  Col.,  June  1,  (T.  L.  Mead) ;  California (H.  Edwards);  Vic- 
toria, Vancouver  Island  (Crotch.,  M.  C,  2).  Though  my  Labrador  si)eci- 
men  differs  somewhat  from  Moeschler's  description  and  figure,  yet  1  am 
inclined  to  unite  it  with  C.  lugubrata.  I  have  before  me  a  specimen  from 
Mount  Marcy,  New  York  (August),  and  Mount  Wsishiugton,New  Ilamp- 
shire  (Sanborn),  and  numerous  specimens  from  California  and  Vancouver 
Island.  Theextremesarepresentedby  the  Labradorand  Vancouver  Island 
examples.  The  Pacific-coast  forms  are  larger,  blacker,  the  fore- wings  more 
elongated  toward  the  apex  than  the  eastern  specimens,  much  as  observed 
in  Macaria  dispuncta  (Walk.),  in  which  the  Labrador  individuals  are 
stunted,  while  the  west-coast  (Vancouver  Island)  specimens  are  larger. 
They  are  paler,  however,  than  the  Labrador  and  New  England  individu- 
als. The  Colorado  (7.  lugubrata  scarcely  differs  from  the  Califoraian  and 
Vancouver  Island  ones.  My  Labrador  individual  (well  preserved)  has 
already  been  described.  The  Adirondack  (Mount  Marcy)  one  is  very 
similar,  but  differs  in  being  of  a  peculiar  reddish-brown  tint,  espectinlly 
along  the  costa  and  veins.    The  outer  line  between  the  costa  and  median 
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Toin  is  angiilated  outward,  instead  of  enrved  regularly  outward  as  in 
the  Lal)ra<lor  example.  The  Adirondack  is  very  near  the  Labrador  one, 
though  a  little  browner  along  the  veins.  In  the  Colorado  and  Pacific 
specimens,  the  outer  line  near  the  costa  is  scalloped  four  or  five  times. 
Tlie  middle  band  of  the  fore-wings  is  much  darker  than  the  rest  of  the 
wing;  the  inner  and  outer  portions  being  much  paler  than  in  the  eastern 
examples.  Expanse  of  wings  of  Colorado  and  Vancouver  Island  speci- 
mens, 1.43  inches;  of  Labrador  and  alpine  Eastern  United  States,  1.25 
inches. 

In  the  general  style  of  markings,  this  si>ecies  closely  resembles  Cpopu- 
lita^  as  renmrked  by  Moeschler.  I  do  not  much  doubt  but  that  both 
have  come  from  a  common  stock  ;  lugubrata  being  perhaps  originally 
derived  from  a  melanotic  variety  of  populat^i. 

C.  testala^  Linn. — Bailey's  ranch,  on  South  Park  road,  twenty-five 
miles  from  the  park;  elevation,  8,000  or  8,500  feet;  Colorado,  Augast 
29  (T.  L.  Mead) ;  also  occurs  in  Massachusetts  (Shurtleff)*  This  does 
not  seem  to  differ  from  figures  in  English  works,  but  still  needs  to  be 
compared.  It  occurs  in  Centnd  and  Southern  Europe,  Ural  Mountains, 
Altai  Mountains,  and  Amur. 

Melinilppe  hnstaia  (Li!in.,  M.  gothicata^  Guen.) — The  single  individual, 
taken  at  th(»  Kenosha  House.  Colorado,  June  30,  by  Mr.  Mead,  has  larger 
while  bands  and  spots  than  any  Alaskan  specimen  I  have  seen,  and 
exactly  agrees  with  certain  Labrador  specimens,  and  is  unlike  any  1  have 
seen  from  any  other  region. 

M.  trintata^  (Linn.) — Three  specimens,  Beaver  Creek,  near  Fair  Play, 
South  Park,  at  the  border  of  the  surrounding  mountains,  elevation,  9,000 
ii'^ty  or  a  little  over;  and  Turkey  Creek  Junction,  Colorado,  June  10-25, 
do  not  differ  from  European  examples  received  from  Prof.  P.  C.  Zeller. 
This  is  its  first  occurrence  in  America.  It  occurs  in  Central  and  South- 
ern Europe  and  Turkey,  and  is  reported  by  Staudinger,  w  ith  a  query,  from 
the  Ural  Mountains  and  Amur. 

Jl/.  luijubraia  (Staudinger),  {M.  Juctnata  [S.  V.],  Cularin  ohductataj 
Moeschler,  Wiener  Ent.  Monatssch  ;  M.  ctyncordatay  Walk.(!) ;  M.Kodia- 
lata^  Pack.) — Turkey  Creek  Junction,  Colorado,  June  27  (jNIead).  Com- 
pared with  an  Alaskan  example,  the  Colorado  moth  is  larger,  with  the 
white  band  on  the  hind-wings  three  times  as  wide,  thus  leaving  a  narrow, 
dark  margin,  and  a  faint  dusky  shade  at  tiie  base  of  the  wing.  J  had 
regarded  the  Alaskan  and  Maine  specimens  as  quite  distinct,  and  the 
hitter  as  distinct  from  the  Labrador  var.  ohductata  ;  but  a  Pacific-coast 
specimen,  just  received  from  Mr.  James  Behrings,  labeled  "Kenay^ 
(near  Kodiak,  Alaska),  is  intermediate  between  vars.  Kodidkata  and  oh- 
ductata. The  Pacific-coast  individual  has  the  white  band  on  the  fore- 
wings  much  bent,  as  in  Maine  specimens,  and  the  hind-wings  almost 
black,  as  in  Concordata  ;  the  white  line  being  almost  obsolete.  The  Lab- 
rador individuals  are  more  stunted  than  the  Maine  ones,  but  both  have 
black  hind-wings;  while  the  Pacific-coast  and  Colorado  examples  are 
much  wiiiter,  with  broader  white  bands.  The  Alaskan  moth  closely 
resembles  DuponchePs  figui*e.  Thus  the  Pacific  and  Colorado  forms  re- 
semble the  European  much  more  than  the  New  England  and  Labrador 
examples.  It  inhabits  Central  Europe,  Tyapland,  the  Ural  and  Altai 
Mountains,  and  Amur.  It  is  reported  by  Grote  as  having  been  collected 
by  Kennicott  on  the  Mackenzie  River  to  Lake  Athabasca. 

Coremia  Ugnicolorata,  Pack. — Turkey  Creek  Junction,  Colorado,  Au- 
gust 24  (Mead).  These  specimens  do  not  difter  from  Californian  exam- 
ples.    It  is  pale-gray  as  a  ground  color,  while  most  of  the  Californian 
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moths  are  of  the  color  of  pine- wood  which  has  been  long  nnpainted; 
this  may,  however,  be  due  to  their  state  of  preservation. 

G.y  sp. — Perhaps  defemaria^  but  too  much  rubbed  for  identification, 
occurred  at  Twin  Lakes  July  16-27,  and  in  the  mountains  July  19,  Sep- 
tember 28  (Lieutenant  Carpenter), 

C.  ferrtigatUj  Clerk. — One  ^,  Bear  Creek,  June  24  (Lieutenant  Car- 
penter). 

Phibalapteryx  intestinatay  Guen, — Colorado  divide,  June,  1  ?  (Lieuten- 
ant Carpenter), 

Hypsipetes  Califomiataj  Pack. — Kenosha  House  and  Turkey  Creek 
junction,  Colorado,  June  18,  21  (Mead).  Some  fresher  specimens  than 
those  received  from  Mr.  H.  Edwards  from  California,  are  much  paler  j 
the  median  baud  whitish ;  the  reddish  band  on  each  side  very  distinct ; 
the  hind-wings  are  almost  whitish,  with  a  faint  diskal  dot,  and  a  faint 
band  about  half-way  between  the  dot  and  the  outer  edge  of  the  wing. 

Scoto»ia  Meadii^  Pack.  (Rep.  Peab.  Acad,  Sc,  1874). — Near  Turkey 
Creek  junction,  Colorado,  August  23  (Mead).  This  is  structurally  alliett 
to  8.  Californiatay  Pack.,  but  difi'ers  in  the  longer  fore-wings,  while  the 
scallops  on  the  hind-wings  are  larger  and  shallower. 

Zerene  catenarian  (Cramer),  (Fig.  2). — Common  at  Plum  Creek,  Sep- 
tember 22, 25.  In  coloration,  the  ten  specimens  collected  by  Lieutenant 
Carpenter  do  not  ditt'er  from  eastern  specimens;  but  on  comparing 
them  (6<y  ;  5  9)  with  fifteen  (5  ?  ;  10  <J )  specimens  from  Massachusetts, 
I  found  that  the  wings  of  the  Colorado  moths  were  uniformly  more 
pointed  toward  the  apex,  the  outer  edge  more  oblique,  and  the  wing 
narrower  than  in  the  eastern  examples.  The  fore-wing  of  the  largest 
Colorado  moth  measured  0.95  inch,  and  that  of  the  Massachusetts  speci- 
men 0.90  inch. 

Aspilates  quadrifasciariaj  Pack.  (Fig.  3).-r-This  interesting  form  is  not 
known  to  inhabit  Colorado,  but  lives  in  Kansas,  whence  I  have  received 
it  from  Professor  Glover,  entomologist  of  the  Agricultural  Department,, 
at  Washington,  and  Professor  F.  H.  Snow,  Lawrence,  Kans.  It  is  a 
I)ure  white  moth,  flecked  with  ochreous  scales,  with  four  slightly  oblique 
parallel  bands  on  the  fore- wings. 

PlaUva  Californiaria,  H.  Sch.  (Gorytodes  uncanariaj  Guen). — "Pike's 
Peak'-  (A.  E.  Grote). 

EuaspUates spinat^iria^'Pack.  (Fig.  4),  (Rep.  Peab.  Acad. Sc,  1874). — 
This  very  interesting  form  may  be  recognized  by  its  pure  white  body 
and  wings,  with  peculiar  pale-brown  bands  on  the  anterior  wings;  also 
by  the  full  bulging  head,  the  short  palpi,  and  especiaNy  by  the  stout 
spine  at  the  base  of  the  anterior  tibiae.  I  have  received  it  from  Mr. 
Grote,  from  Colorado.  It  is  very  nearly  allied  to,  and  i*epeats  the  style 
of  markings  and  colors  of  Aspilates  mundutaria,  Cr.,  which  differs 
generically  from  the  other  species  of  Aspilates.  This  latter  species  is 
recorded  in  Staudinger's  catalogue  as  occurring  in  Bossia,  Amur,  and 
the  Altai  Mountains.  The  occurrence  of  a  representative  species  in  the 
mountains  of  Colorado  is  another  interesting  fact  in  the  geographical 
distribution  of  this  family  of  moths. 

Fidonia  acidaliata.  Pack.  (Rep.  Peab.  Acad.  Sc,  1874). — This  singular 
form  at  first  sight  would  be  mistaken  for  an  Acidalia,  and  difi^ers  from 
the  ordinary  forms  of  Fidanla  in  the  long,  slender  palpi  and  the  very 
slightly  pectinated  antenme.  Mountains  of  Colorado,  August  12-29 
(Lieut.  W.  L.  Carpenter).  More  numerous  specimens  were  collected  by 
Mr.  T.  L.  Mead,  Aiigust  7,  at  a  locality  twelve  miles  below  Montezuma, 
Colo.,  on  Snake  River,  Middle  Pivrk,  Pacific  sloi)e;  elevation  most  likely 
9,000  to  10,000  feet. 
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tliat  L  would  cousider  the  hitter  ns  simply  a  variety.     In  the  Colorado 


both  \viu^8. 

Phasianc  sinnata.  Pack. — Mouiitaius  of  Colorado,  July  22,  August  12 
(Lieut.  W.  L.  Carpenter), 

P.  Meadiaridj  Pack.  (Ki»p.  Peal).  Acad.  So.,  1874). — Thisspecic^  is  named 
after  its  discoverer,  Mr.  T.  L.  Mead,  who  captured  it  June  1,  at  Denver, 
Colo.  Jt  dilfers  fn)in  all  the  other  species  by  the  two  blackish,  Hhortened, 
sinuous  lines,  the  outer  one  shaded  externally,  and  inthel>ody  and  wings 
bein;;  tleshcolored,  almost  reddish.  The  fore-wings  ai'e  rather  shorthand 
the  antenme  densely  ciliated.  It  is  closely  related  toi\  Rippertariaj  Dam 
of  lilurope. 

]\  ed'curcaria,  Pack. — In  this  species,  all  the  lines  are  dusky,  with  no 
ycOlowish  shade;  the  species  derives  its  name  from  the  outer  line  being 
curved  outward.     *'  Jlocky  Mountains  -'  (A.  K.  Grote). 

r.Jhiro/aftclata,  Paek.  (Pif^.  o). — One  9  specimen  of  this  species,  here^ 
tofore  only  described  as  inhabiting  California,  is  contained  in  the 
museum  of  the  IVabody  Academy  of  Science,  having  been  collected  in 
<'olorado  by  Mr.  Kidings.  It  is  well  preserved,  and  diflers  but  slightly 
Irom  one  of  my  Californian  individuals.  The  niarkings  are  much  the 
same:  it  is  slightly  darker,  the  <mter  line  on  fore-wing  slightly  nari'ower; 
the  dis(!al  dots  are  the  same.  The  under  side  of  the  wings  is  distinctly 
mottled  and  strigated,  with  a  clear,  mouse-colored,  broad,  marginal 
shade,  free  from  the  striga*. 

Length  of  body,  0.42  inch  ;  of  fore-wing,  0.58  inch. 

MarmopUryx  tesnellatOj  n.  sp.  (Fig.  G). — 1  9 .  Compared  with  Af.  mar- 
murata  Irom  California,  its  nearest  ally,  the  fore-wings  are  rather 
narrower,  and  the  outer  edge  more  oblique,  while  the  apex  is  more 
pointed.  The  head  is  exactly  as  in  that  species;  the  front  being  full  and 
bulging.  .Head  and  thorax  pale-gray,  with  a  reddish  tinge.  Palpi 
blackisli  at  tip.  Fnmt  of  head  with  a  slight  yellowish  tint,  reddish  be- 
tween the  anteinia*.  A  dark  streak  on  each  side  of  prothorax,  and  a 
hmg,  narrow,  dark-brown  slash  on  the  patagia.  Both  wings  of  a  rich 
golden-.V4"llow,  with  dusky  slate-brown  margins.  Fore-wings,  with  the 
costa,  iwde  slate-color,  checkered  broadly  with  live  large,  square,  white 
fiI>ots,  ami  two  minute,  whitish,  linear  spots  near  the  apex.  Outer  edge 
dusky,  the  dark  margin  narrowing  toward  the  inner  edge.  Fringe  very 
long  and  slate-colorecl,  checkered <!onspicu<msly  with  white.  Hind- wings 
like  fore-wings:  the  ('osUi  is  narrowly  edgeil  with  slate.  Beneath,  the 
wings  are  brightly  colored  ;  the  anterior  jiair  dull  golden-yellow,  with 
a  reddish  tinge  on  the  costal  side.  Borders  of  the  ring  checkered  very 
con^:picuousiy,  as  above;  the  apex,  however,  whitish.  Hind-wings  pale 
fawti-coiored,  marbled  with  white,  with  a  costo-apical,  oblong  (trans- 
versely) white  8i)ot,  and  a  large  square  white  spot  in  the  middle  of  the 
wing  below ;  costa  marbled  with  whitish;  abdomen  pale  fawn-color 
like  the  thorax. 

Length  of  body,  9  ,  0.45  inch  ;  of  fore  wing,  9  ,  0.C4  inch,  Arizona 

(Dr.  Palmer,  Department  of  Agriculture). 

Though  this  species  is  described  from  Aiizona,  it  may  be  confidently 
looked  for  in  Southern  Colorado.  The  specJes  is  so  remarkable,  that 
1  venture  to  describe  it  Irom  a  single  individual.     It  may  be  readily 
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recognized  by  its  rich,  golden-yellow  wings,  the  checkered  costa  of 
the  anterior  pair,  and  the  broad,  dasky  margin  of  both  wings,  while  the 
hind-wings  beneath  are  beantifally  marbled; 

Macaria  CaUfarniata,Fack.  (Fig.  7). — ^This  common  Gal ifornian  species 
has  also  been  collected  by  Mr.  Hidings  in  Colorado,  and  by  Prof.  F.  N. 
Snow  in  Kansas ;  it  is  also  frequently  taken  in  Texas. 

M.  dispuncta^  Pack. {Tephrosiadispunctaj  Walk.;  Macaria  sexmaculata^ 
Pack.,  Proc.  B.  S.  N.  H.,  44, 1867).  One  individual  was  collected  in  Col- 
orado by  Mr.  Mead.  It  is  rather  larger  than  specimens  from  Victoria, 
Vancouver  Island,  collected  by  Mr.  G.  B.  Crotch,  and  is  much  darker, 
being  much  as  in  eastern  specimens.  The  lines  on  the  fore-wings  are 
rather  broad,  and  the  dark,  broken  spot  in  the  middle  of  the  wiug,  near 
the  outer  edge,  is  obscure  and  united  to  form  a  faint  patch.  The  hind- 
wings  are  without  any  submarginal  shade,  as  in  some  eastern  examples. 

I  am  disposed  to  regard  my  if.  aex-maculata  from  Caribou  Island, 
Labrador,  Straits  of  Belle  Isle,  as  a  variety  of  this  species.  It  is  very 
closely  allied  to  it.  It  is  rather  smcaller  than  usual ;  the  fore-wings 
tinted  with  an  obscure  olive-gray,  while  the  hind-wings  are  uniformly 
ochreons-brown,  not  mottled  with  whitish  as  usual ;  the  costal  siK)t8  on 
the  fore-wings  are  rather  large.  It  chiefly  differs,  however,  in  having  a 
large  brown  spot  in  the  course  of  the  median  line  next  to  the  usual 
large  brown  spot,  the  two  forming  twin-spots.  Beneath,  it  does  not 
difi'er  from  other  examples  from  Maine.  The  specimens  from  Norway, 
Me.,  closely  resemble  the  Labrador  form,  in  having  the  inner  spot  much 
enlarged,  though  otherwise  of  the  typical  mode  of  coloration. 

Two  males  and  two  females  from  Vancouver  Island,  collected  for  the 
Museum  of  Comparative  Zoology  by  Mr.  G.  R.  Crotch,  are  rather  larger 
than  the  average  of  our  eastern  specimens,  with  longer  wings ;  but  they 
do  not  materially  difter.  One  specimen  scarcely  differs  from  an  indi- 
vidual from  New  York.  They  are,  however,  rather,  whiter  than  usual, 
with  the  submarginal  band  nearly  obsolete.  All  have  the  inner  division 
of  the  median  dark  patch  on  the  fore-wing  broad,  thus  exactly  resem- 
bling the  New  York  example,  though  not  so  well  marked  as  in  the 
Labrador  specimens.  Beneath,  the  common,  broad,  submarginal  band 
is  ochreous  and  nearly  obsolete.  It  is  interesting  to  notice  how  the 
species  varies  away  from  its  apparent  geographical  center,  the  North- 
eastern States.  In  Labrador  it  grows  much  smaller,  is  stunted  and 
darker }  while  at  Vancouver  Island,  about  one  hundred  and  fifty  miles 
farther  south  in  latitude,  it  grows  rather  larger  than  in  the  Eastern 
States,  with  the  wings  decidedly  more  elongated  and  paler.  This  spe- 
cies is  very  common  in  the  New  England  States,  Norway,  Me.  (S.  I. 
Smith,  Mus.  Comp.  Zool.),  Cambridge,  Mass.  (Mus.  Comp.  Zool.,  A. 
Agassiz),  and  occurs  at  London,  Canada  (W.  ;^aunders,Mus.  Comp.  Zool.) 

Macaria  enotata^  Guon. — ^Thisspecies,  though  only  recorded  heretofore 
from  Brazil,  Surinam,  and  Cayenne,  occurs  in  the  Northeastern  States 
and  in  Kansas,  whence  I  have  received  it  from  the  museum  of  the  De- 
partment of  Agriculture  at  Washington,  through  Prof.  T.  Glover.  Ifc 
will  undoubtedly  occur  in  Colorado. 

Eumacaria  hrunnearia^  Pack. — Head  of  Plum  Creek,  June  29  (Lieuten- 
ant Carpenter).  The  larger  of  ten  eastern  and  Texan  specimens  measures 
0.48  inch  on  the  fore-wing,  while  the  single  Colorado  one  is  0.53  inch. 

Corycia  vestaliata^  Gnen. — Colorado  (Hidings) ;  near  the  South  Platte, 
June  !i8  (Lieut.  W.  L.  Cariienter). 

Acidalia  Galifornlata^  Pack. — Mountains  of  Colorado,  July  22  to  August 
12-20  (Lieutenant  Car|>enter) ;  banks  of  Blue  River,  Middle  Park,  ele- 
vation about  0,000  to  10,000  feet  (Mead) )  Colorado  (Mr.  Hidings).    Hav- 
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inff  received  additional  specimens  of  this  species  from  California  throaj]^ 
Messrs.  Edwards  aud  Bebrens,  I  am  led  to  regard  A.  JPcunfiearia, 
Pack.,  as  a  synonym. 

Acidalla  qtiinque-linearia^  Pack. — Colorado  near  Denver,  and  near 
Keuosba  llunse  on  the  South  Park  road,  four  miles  from  the  park; 
elevation  9,000  feet ;  Colorado  (Ridings).  This  species,  also  common  in 
California,  is  closely  related  to  A,  strigilaria  from  Central  aud  Southem 
Europe,  Russia,  and  Amur. 

Caulosioma  occiduaria^  Pack.  (Rep.  Peab.  Acad.,  1874),  (Fig.  8). — 
This  interesting  species,  the  first  of  the  genus  yet  observed  in  America, 
is  closely  allied  to  C,  flavaria,  which  is  reported  in  Stauding^er^s  cata- 
logue as  occurring  in  Galicia,  Hungary,  Southern  and  Easterii  Turkey, 
Middle  Russia,  and  Armenia.  I  have  received  it  from  Colorado,  where 
it  w  as  (!ollected  June  3,  near  Denver,  by  Mr.  Mead,  and  also  near  Pike's 
Peak  bv  Mr.  l^idings.  I  have  also  an  example  collected  in  Oregon  by 
Mr.  W.G.  W.  Harford. 

It  diilers  from  the  Euroi)ean  flavaria  in  having  brojider  wings,  both 
pairs  being  much  less  excavated  on  the  outer  edge.  The  anteiinse.are 
much  the  same,  and  the  markings  similar  in  the  two  species.  The  body 
and  wings  are  deep  lemon-yellow,  with  four  nearly  equidistant  brown 
spots  on  the  costa  of  the  anterior  pair.  From  the  third  spot  arises  a 
broad,  diU'use,  sinuous,  brown  shade,  extending  in  the  hind-wings  and 
forming  a  slightly-curved  median  band. 

Amjerona  erovatar'ui^  Fabr. — This  species  occurred  in  considerable 
abundance  at  the  head  of  Plum  Creek,  June  20.  It  does  not  differ  from 
Massachusetts  specimens  (Lieutenant  Cari>enter). 

EnnomoH  Cohradia^  G.  and  R. — *'  Colorado."    (Grote). 

CahcrodcH  majorariay  Guen. — Head  of  Plum  Creek,  June  29  (Liea- 
tenant  Carpenter). 

IJndrojna  rinomna^  G.  and  R.  (Fig.  0.) — Colorado  Springs,  July  4 
(Mead). 

Family  Koctuid.3!:. 

Several  of  the  more  difficult  forms  of  this  family  have  been  kindly 
identilied  by  Mr.  A.  R.  Grote.  Only  those  species  collected  by  the  sur- 
vey are  noticed  here. 

Catoctila  WaLsh  ?/,  Edwards. — A  specimen  was  collected  at  Clear  Creek, 
September  20,  by  Lieutenant  Carpenter. 

Eii'buH  odora,  Latreille. — Three  specimens  at  the  Colorado  divide 
(Lieutenant  Carpenter). 

rivsia  llochcnicarfldj  Hochenw.  (P.  divergens^  Fabr.  1\  aliicola^  Walk. ; 
1\  ifinva,  Grote). — This  species  has  been  identified  by  Mr.  Grote  as 
Walkers  I\  alticola;  on  comparing  my  specimens  (which  were  collected 
in  the  mountains  of  Colorado,  July  22  to  August  12,  by  Lieutenant 
Carpenter),  however,  with  one  labeled  *'i\  dicergens^  Alps,"  sent  me  by 
the  Vienna  museum,  I  find  but  slight  ditierences,  scarcely  varietal.  It 
is  also  identical  with  specimens  obtained  by  me  at  Hopedale,  Labrador. 
While  the  European  and  Coloradian  forms  are  nearly  identical,  that 
from  Labnulor  might  by  some  bo  regarded  as  a  distinct  species.  It  is 
much  smaller  than  the  European  form,  much  faded  and  bleached  out. 
The  markings  on  the  fore-wings  are  much  the  same,  but  the  forks  of 
the  silvery  spot  arc  lost  in  the  pale  costal  margin.  There  is  no  yellow 
tinge  on  the  hind-wings;  they  arc  white,  dusky  on  the  basal  haif,  and 
with  a  broad  marginal  band^  the  inner  edge  of  which  is  indistinct. 
Length  of  fore-wing,  0.48  inch. 

Ten  Colorado  individuals  compared  with  one  from  the  European  Alps 
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are  larger,  with  the  yellow  on  the  hind-wings  deep  orange,  being  much 
higher  colored  than  in  the  European.  The  body  of  the  European  is 
nearly  as  large,  but  the  wings  are  shorter  and  smaller.  The  European 
example  also  differs  in  the  smaller  silver  spot,  in  the  line  across  the 
wing  just  beyond  the  silver  spot  being  more  curved  just  below  the  costa, 
and  in  the  smaller  veniform  spot ;  but  in  both  of  the  former  characters 
there  is  a  slight  amount  of  variation  in  the  Colorado  specimens. 

One  European  example,  S  ,  length  of  body,  0.63  inch;  length  of  fore- 
wing,  0.53  inch. 

Ten  (Colorado  examples,  8  ,  length  of  body,  0.65  inch;  length  of  fore- 
wing,  0.60  to  0.63  inch. 

In  Europe,  tbis  species  has  been  found  in  the  Alps,  Scandinavia,  and 
Lapland. 

Tarache  candefacta^  HUbner. — Head. of  Plum  Creek,  June  29  (Lieu- 
tenant Carpenter). 

HeliotJm  armigeray  HUbner. — Foothills  of  Long's  Peak,  May  (Lieu- 
tenant Carpenter). 

Hydr(tcia  lorea^  Guen. — Head  of  Plum  Creek,  June  29  (Lieutenant 
Carpenter). 

Mamestra  pictn^  Harris.— A  larva  occurred  in  the  alcoholic  collection 
(Lieutenant  Carpenter). 

Scoliopteryx  libairix  XLiun.) — This  was  collected  by  Lieutenant  Car- 
penter in  the  Rocky  Mountains  of  Wyoming  in  1872.  It  has  also  been 
found  by  Kennieott  on  the  Yukon  River  (Grote). 

Afjroik  Islandlca^  Staudiuger  (Stettin  Ent.  Zeitung,  232,  1857),  (Fig. 
10). — 8  ^  ;  2  9  .  This  tine  species  is  allied  in  its  form  and  structure,  in 
the  strongly-ciliated  antennas,  the  tufts  on  the  prothorax,  and  in  the  form 
of  the  wings  to  A.  suhgothica,  Haworth,  and  less  strongly  to  A,  jaeuliferaj 
Guen.  Male  antennye  stoutly  ciliated  to  near  the  end.  Palpi  much  as 
in  A,  suhgothica;  third  joint  rather  stout,  lilac- gray,  like  the  head,  black- 
ish along  the  upper  side  and  on  the  end.  Prothoracic  scales  light  tawny- 
yellowish  at  base,  concolorous  with  the  light  tawny  costa  of  fore- 
wings  ;  beyond,  a  blackish  curved  line ;  outer  edge  of  the  scales  lilac- 
gray,  like  the  rest  of  the  thorax.  Fore-wings  pale-tawny,  sometimes 
with  a  reddish  or  whitish-gray  tinge.  Two  or  three  faint,  small,  costal, 
dark,  transverse,  oblique  streaks  within  the  middle  of  the  costa.  Sub- 
costal and  median  veins  from  reniiorm  spot  to  base  of  wing  white, 
dilating  into  a  very  narrow  triangular  streak  at  base  of  discal  space. 
Discal  dot  and  reniform  spot  large,  white.  Dot  oblique  oval,  widening 
on  median  vein,  scarcely  separated  at  other  end  from  the  pale  costa.  A 
black  space  between  the  two  spots  about  as  long  as  the  dot  itself  (the  space 
varying,  however).  Reniform  spot  large,  white,  with  t  wo  median,  curved, 
dark  lines,  a  dark  shade  beyond,  equal  to  the  reniform  spot  in  width. 
Beyond  is  a  clear  reddish-brown  space  crossing  the  wing,  interrupted 
by  the  black  venules,  and  bordered  internally  by  dark  in tervenular  scal- 
lops (sometimes  obsolete).  The  clear  space  has  in  the  outer  half  a  series 
of  black  intervenular  slashes,  terminating  in  a  fine,  irregular,  scalloped, 
whitish  line,  the  line  dislocated  and  situated  much  nearer  the  outer  edge, 
below  the  middle  of  the  wing.  Just  below  the  median  vein,  on  inner 
half  of  wing,  a  black  stripe,  interrupted  by  a  transverse,  acut<3ly-cnrved, 
reddish-brown  line  extending  from  the  median  to  the  submedian  vein, 
and  sometimes  extending  beyond  the  edge  of  wing;  beyond  this  the 
outer  half  of  the  black  streak  is  broader,  lanceolate  oval,  and  terminates 
on  the  submedian  fold  at  a  point  opposite  the  outer  end  of  diskal  dot. 
Fringe  concolorous  with  the  clear  portion  of  the  wing.  Hind-wings 
wihtish  near  the  base,  becoming  gradually  smoky  on  the  outer  third. 
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Fringe,  white.  Beueatb,  ashy-gray,  with  the  costa  of  fore- wings  inclined 
to  be  reddish ;  a  dark  spot  on  the  outer  quarter  of  the  eostal  edge,  and 
dark  diskal  spots  on  both  wings. 

Length  of  body,  <f ,  0.70  inch ;  9  ,  0.7G  inch ;  of  foi-e-wiug,  <J  ,  0.70  inch; 
9 , 0.80  inch. 

Long's  Peak,  June  3,  \V.  S.  Carp(?nter.  xVbove  tirabor-line,  above 
12,000  feet,  mountains  of  Coloriuh),  one  specimen.  California,  H.  Ed- 
Wiinls,  No.  181,  Vancouver  Island,  II.  Edwards. 

Tliis  si>ecie8  varies  somewhat  in  the  tint  of  the  wings;  being,  in  the 
Calirornia  and  Vancouver  Island  specimens,  usually  of  a  decided  red- 
dish. One  Califoriiian  fresh  example  is  partially  tinged  with  reddish 
tawny,  especially  on  the  costa  and  jn'othorax. 

The  alpine  specimen,  collected  above  the  timber-line,  only  differs  from 
the  one  taken  on  Long's  Peak  (which  does  not  dili'er  much  from  the  Cali- 
fornianindividuals)  by  being,as  it  were, bleached  out,  thei>ortiona  tingetl 
with  tawny  and  reddish  being  in  this  individual  pale  gray.  Though  the 
s|)ecimens'at  first  sight  differ  so  much  from  those  specimens  of  ^4.  iHlan- 
dica  from  Iceland,  received  from  Dr.  Staudinger,yet  the  bleached  appear- 
ance of  the  ali)ine  individual  from  Colorado  seems  to  connect  the  two 
races.  In  the  Califoriiian  form,  the  individuals  are  slightly  larger  and 
with  strongly-ciliated  antenna' ;  the  Iceland  species  are  in  one  €»ase 
stunted,  bleached  out,  and  with  faintly-ciliated  antennae,  in  the  other 
nearly  as  large  as  the  Californian  <f .  Still  the  style  of  markings  is  abso- 
lutely the  same.  Staudinger  also  received  specimens  from  Labrador, 
though  I  collected  none.  This  identification  is  of  exceeding  interest, 
and  forms  a  new  link  connecting  the  alpine  fauna  of  the  Colorado 
Mountains,  above  12,000  feet,  with  that  of  Labrador  and  Iceland.  The 
six^eies  has  not  yet  ocjcuiTed  in  Europe. 

Staudingerplaces  this  species  near  the  European  A,  tritici.  The  Iceland 
<f  si>ecimen8 expand  1.20-1.95  inches;  thealpineColorado,  9  , 2.20iuches. 
It  may  be  recognized  by  the  round  discal  dot  directed  obliquely  inward, 
sometimes  ninniug  into  the  costal  region,  and  by  the  V-shaiwd  tnius- 
verse  line,  cutting  across  the  dark  streak  under  the  median  vein  j  the 
outer  half  lanceolate-oval,  pale  in  the  middle,  with  its  end  resting  on  the 
submedian  fold,  and  not  passing  beyond  the  outer  end  of  the  discal  dot, 
which  is  obliquely  directed  inward  toward  costa  and  base  of  wing, 
instead  of  outward,  as  in  A.  jacuUfera  and  8\ihgothica.  I  might  state 
that  the  single  siiecies  placed  by  Staudinger  in  his  catalogue  lietween 
the  present  one  and  the  common  very  variable  European  A,  tritici  is  A* 
Xoncegica  (Stgr.,  Stett.  Ent.  Zeitung,  383, 1801),  with  the  remark  added, 
"PraiC.  var.  ?uno  ^  condita! ''  Three  larvie,  which  I  refer  doubtfully  to  this 
species,  occurred  at  an  elevation  of  above  12,000  fei^t  (Carpenter).  The 
body  is  smooth  and  cylindrical,  tapering  nearly  alike  toward  l>oth  ends. 
Body  and  head  dark,  with  a  median  dorsal  whitish  interrupted  line,  and 
a  subdorsal  similar  line  on  each  side.  The  whole  of  the  dark  surface  is 
finely  marbled  with  whitish  ;  length,  0.75  inch.  The  half-grown  one  is 
paler,  with  a  reddish  tinge  above.  The  median  pale  line  is  iuterrupteil 
by  a  large  black  patch  on  each  suture. 

Family  Bombycidje. 

Hepialus  pulcher^  Grote  (Fig.  11). — This  fine  species  occurred  fre- 
quently in  the  mountains  of  Colorado,  July  19, 22,  August  12, 29 ;  ou 
the  Pacific  slope,  August  29  and  September  6 ;  and  on  the  foot-hills 
September  8-30  (Lieutenant  Carpenter).  It  is  rather  larger  than  the 
typical  species  of  the  genus,  and  may  be  readily  recognized  by  the  figure. 
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CUsiocampa. — ^The  larva  aud  cocoons  of  this  genus  occnrred,  but  none 
of  the  moths. 

EuleucopJueus  tricolor ,  Pack.  (Rep.  Peab.  Acad.,  1872),  (PL  2,  Fig.  12).— I 
reproduce  in  part  the  description  of  this  most  interesting  and  excep- 
tional form,  with  the  hope  that  observers  may  find  it  in  Colorado.  Only 
one  specimen  is  in  existence,  having  been  received  fi-om  New  Mexico 
by  Mr.  Henry  Edwards,  who  loaned  it  to  me  for  study.  It  is  closely 
allied  to  HemiUuca  Juno  and  Diana.  The  body,  including  the  anten- 
nae, is  larger,  while  the  wings  are  much  smaller  than  usual.  The  hind- 
wings  are  shorter  and  rounder  than  in  JSemileuca.  Instead  of  being 
dark  brown,  with  white  bands,  as  common  in  the  allied  forms,  the  wings 
are  of  a  faded  whitish,  with  a  broad,  median,  grayish-brown  band  occupy- 
ing the  middle  third  of  the  fore-wing,  and  inclosing  a  white,  irregular, 
lunate,  discal  spot.  It  has  a  generally  faded  appearance,  adapting  it  for 
concealment  while  resting  on  the  dry,  i)arched  ground,  and  it  will  be 
interesting  to  learn  whether  its  exceptional  style  of  coloration  adapts  it 
for  a  life  on  the  deserts  of  New  Mexico.  Its  occurrence  in  Southern 
Colorado  is  to  be  looked  for. 

ffemileuea  Diana^  n.  sp.,  one  9  (Fig.  13). — ^This  species  is  structurally 
near  H.  JunOj  Pack.,  from  the  border  of  Arizona  and  Sonora;  the  wings 
being  opaque  and  with  much  the  same  shape,  though  the  apices  of 
both  pairs  are  rather  more  acute,  and  the  veine  are  much  less  promi- 
nent. It  also  approaches  H.  lo  in  the  style  of  coloration ;  the  prothorax 
being  white,  and  in  having  a  broad  white  band  common  to  both  wings. 
It  cannot  be  the  female  of  H,  JunOj  as  the  markings  are  so  different 
fi*om  the  two  males  in  my  possession.  It  is  also  very  different  from 
Coloradia  Pandora^  Blake,  which  is  quite  a  different  genus  from  Hemi- 
leuca. 

Body  and  wings  dark  opaque-blackish-brown.  Head  dark.  Fore 
femora  tufted  with  deep  rich  vermilion.  Prothorax  white;  whitish 
hairs  mingled  with  those  of  the  rest  of  the  thorax,  and  forming  a  long 
dull-whitish  fringe  on  the  basal  half  of  the  inner  edge  of  the  fore-wings 
and  along  the  entire  hinder  edge  of  hind-wings.  Two  rust-red  tufts  on 
each  side  of  hind  end  of  thorax,  just  as  in  H,  Maia,  Abdomen  as  in 
$  H.  Maia,  black,  with  whitish  hairs,  giving  it  a  grizzly  appearance,  but 
with  numerous  rust- red  hairs  near  the  tip,  not  present  in  H.  MaUu 
Both  wings  dull  blackish-brown ;  the  veins  scarcely  apparent  beyond 
the  middle  of  the  wing,  with  a  broad  white  band  from  0.1(M).16  inch  wide, 
common  to  both  wings,  and  not  quite  reaching  the  costal  edge  of  both 
wings.  On  the  fore-wings,  the  band  does  not  quite  reach  the  inner  edge, 
en<iing  on  the  internal  vein.  Discal  dot  a  small,  transparent,  lunate,  pale- 
yellowish  spot  half  as  large  as  in  ff.  Maia  or  Junoj  surrounded  by  a 
large,  round,  black  area,  which  nearly  cuts  the  white  band  in  two. 
Beyond  the  white  band,  the  wing  is  dusted  with  white.  Hind-wings 
with  the  discal  dot  obsolete,  but  opposite  its  site  an  excavation  in  tiie 
white  band.  Beneath  as  above ;  the  discal  dot  on  the  fore  wings  rather 
deeper  yellow  than  above. 

Length  of  body,  0.95  inch;  of  fore- wings,  1.05  inches;  expansion  of 
wings,  2.10  inches.    Plum  Creek,  September  12  (Lieutenant  Carpenter). 

From  H.  Juno,  to  which  it  is  nearest  allied,  it  differs  in  the  white  pro- 
thorax, the  small  diskal  spot,  the  conspicuous  white  band  common  to 
both  wings;  and  from  J7.  Maia  it  differs  in  the  opaque,  more  pointed, 
and  triangular  wings,  the  narrower  white  band,  and  smaller  discal  dot, 
none  being  present  on  the  hind-wings.  From  Harris's  H,  Hera,  which 
has  not  yet  been  rediscovered  since  Harris  described  it,  it  seems  to  dif- 
fer very  materially ;  H.  Hera  being  described  as  pale-yellow,  with  two 
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transverse  black  bauds,  and  expanding  three  inches.  It  was  "  taken  by 
]\Ir.  Nuttall  near  the  liocky  Mouutain8 "  (Harris),  and  will  doubtless 
occur  in  Colorado. 

Jlem  ileum  Main,  Walk. — Several  specimens  from  Denver  City,  Octo- 
ber 4  (Lieutenant  Carpenter).  These  specimens  only  (litter  from  New- 
England  examples  in  the  wider  white  band.  I  am  incliued  to  i*egard 
Mr.  Stretch's  H,  XcvademU  as  a  local  variety  of  the  present  sjyecies, 
since  it  differs  apparently  only  in  the  '*  protliorax  being  pale-rusty.'' 
In  a  S  from  Massachusetts,  '^  the  halo  around  the  discal  spot  i8  separ- 
ated from  the  basal  patch,''  as  in  the  Nevada  form.  It  should  be  observed 
that  the  width  of  the  band  varies  greatly  in  the  Massachusetts  S})eci- 
mens.  In  one  9  from  Massachusetts,  the  whit4)  band  on  both  wings  is 
nearly  as  wide  as  in  any  of  the  Colorado  specimens.  The  patagia  are  also 
whitish  at  base,  thus  approaching,  though  not  very  closely,  Mr.  Stretch-s 
figure  of  IL  Xerademtis, 

Telea  Polyphemus^  Hiibner. — The  larva  of  this  species  was  found  on  the 
willow  at  Clear  Creek  by  Lieutenant  Cirpenter.  It  spun  a  coeoou  Sep- 
tember 1!I. 

Cenna  horeah's,  Boisd. — One  rubbed,  imperfect  specimen  occrurrod  in 
Montana,  where  it  was  obtained  by  Hayden's  expedition  in  1872. 

Eucluvtes  Egle^  Harris. — An  albino  form  occurred  at  Plum  Creek, 
June  129  (Lieutenant  Ctnpenter).  It  differs  from  an  albino  of  the  same 
species  from  Kansas  (Mus.  Bost.  Soc.  Nat.  His.,  collected  b\'  \V.  fl. 
Dale)  in  the  thorax  being  white.  It  apparently  diifers  specifically  from 
Mr.  Stretch's  E.  Oreyonensis  from  Oregon. 

Arctia  Blakei,  Grote. — '* Colorado,  llidings"  (Grote). 

Arciia  Quonteliij  Paykull. — The  occurrence  of  this  species  on  the  alpine 
summits  of  Colorado  is  of  great  interest,  as  extending  its   wide  geo- 
graphical range.     It  occurs  in  the  Alps  at  the  height  of  about  8,1100 
feet,  on  the  elevated  portions  of  Lapland,  in  Labrador  near  the  U»vel  of 
the  sea,  and  again  on  the  summit  of  Mounts  Washington  and  Madison 
of  the  White  Slountains  of  New  Hampshire.    The  two  Labmdor  indi- 
viduals in  the  Museum  of  the  Peabody  Academy  of  Science  at  Salem  ai-e 
the  tyi)ical  Quenselii ;  the  White-Mountain  specimen,  in  the  yellow  fringe 
of  the  tore-wing,  and  a  V-shaped  white  spot  on  the  hind-wings,  while 
otherwise  closely  resembling  the  typi(;al  Labrador  QHcnueUij  has  a  ten- 
dency to  resemble  Moeschlcr's  Arctia  apeciosa^  which  1  would  regard  sim- 
ply as  a  variety  of  Quemelii,    A  third  variety,  or  race,  is  indicated  by  the 
two  Coloradian  specimens,  in  which  the  veins  are  black ;  the  wing  is  less 
slashed  with  yellow,  but  the  other  markings  are  the  same,  both  on  the 
wings  and  body.    The  two  Coloradian  species  difler ;  one  in  having  the 
hind-wings  dark  as  in   Quenselii^   and  the  other   with  whitish  wings 
slashed  at  the  ba«e  with  black,  and  with  two  series  of  marginal  dark 
spots,  somewhat  as  in  var.  speciosa  ;  in  the  latter  individual,  the  mark- 
ings on  the  fore-wings  are  broader  and  the  two  outer  triangles  formed 
by  the  bands  much  smaller  than  in  the  other. 

The  supposed  larva  of  this  species  (Fig.  14,  magnified  twice)  haA  been 
discovered  on  Mount  Washington  by  Mr.  F.  G.  Sanborn,  June  25,  and 
I  have  collected  it  on  the  8th  of  July,  at  Square  Island,  Labrador,  on 
the  larch.  It  is  remarkably  short,  thick,  and  broad,  a  little  fiattened, 
and  so  densely  covered  with  short,  evenly-cut  hairs,  with  long,  spread- 
ing spinules,  that  the  body  cannot  be  seen.  The  <lorsal  hairs  are  short- 
est and  thickest;  those  on  the  sides  are  longer  and  more  uneven.  Seeu 
from  above,  both  the  bead  and  tail  are  covered  by  overarching  hairs, 
both  ends  thus  ap]>earing  alike.  Head  black,  body  beneath  black  j 
abdominal  legs  livid.    Hairs  dark-brown,  appearing  as  if  dusted  over^ 
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owing  to  the  remarkably  long  spinules.  On  eacb  side  of  the  body, 
a  subdorsal,  obscure,  rather  broad  baud  of  yellow  on  the  eight  first 
abdominal  rings,  not  appearing  on  the  thorax.  It  is  an  inch  in  length, 
and  a  third  of  an  inch  broad. 

EpicalliavirginaliSj  Boisd. — ^Two  larvae,  apparently  of  this  species,  and 
a  third  half-grown,  occurred  at  an  elevation  above  12,000  feet.  The 
larger  ones  (alcoholic  specimens)  were  covered  with  dense,  rather  long 
hairs;  those  on  the  three  thoracic  segments  being  reddish-yellow,  and 
shorter  than  those  behind,  which  are  blackish.  The  hairs  of  the  young 
arc  all  black -brown. 

Nemeophila  geometrica  (Grote). — Bear  Creek,  June  24  (Carpenter). 

Crocota  hrevicornis,  Walk. — Bear  Creek,  June  24  (Carpenter). 

Crocota  ferruginom^  Walk. — Platte  River,  June  24  (Carpenter). 

Crocota  quinaria,  Grote. — Bear  Creek,  June  24,  Twin  Lakes,  at  about 
8.000  feet  elevation  (Carpenter)  5  also  Athabasca  River,  July,  Kenni- 
cott  (Grote). 

Litluma  argillacea,  Pack.  (Fig.  15). — Twin  Lakes,  July  16-27.  It  is 
rather  larger  than  eastern  specimens,  one  9 ,  expanding  1.30  inches. 
It  has  also  been  found  on  Athabasca  River  by  Kenuicott,  as  reported 
by  Mr.  Grote. 

Family  Zygjenidje. 

Gnophcela  vermimlata^  Grote. — "Pike's  Peak"  (Grote),  mountains  of 
Colorado,  August  12-20.  Pacific  slope,  August  20  to  September  6 
(Lieutenant  Carpenter). 

Psychomorpha  epimeniSy  Drury. — Colorado  (Ridings). 

Familv  Sphingid^. 

Smerinthm,  A  larva  of  this  genus  was  collected  by  Lieutenant  Car- 
penter. 

Beilephila  lineata,  Fabr. — Colorado  (Carpenter). 

Macrosila  quinquemaculata  (Haworth). — Camp  in  Colorado,  May  23 
(Carpenter). 

Besides  three  species  of  lepidopterous  larvae,  found  on  Elbert  Peak,  in 
a  shallow  pool,  12,500  feet  high,  were  the  larvae  of  Bihio^  of  Scenopimis  (I), 
and  the  pupa  of  a  Mycetophilid  (!) ;  also,  a  coleopterous  larva  allied  to 
that  of  AciUuSj  but  the  body  slenderer  and  much  narrower,  the  head 
wider,  and  the  legs  much  longer.  At  the  same  elevation  occurred  the 
cocoons  of  some  fbssorial  hymenopter,  not,  however,  an  ant,  and  the 
larva  of  a  Harpalus,  which,  in  the  proportions  of  the  body,  closely 
resembles  Schiiidte's  figure  of  the  larva  of  Harpahis  wnem,  Fabr.  The 
head  is  rather  longer,  the  sculpturing  on  the  upper  side  much  simpler, 
and  the  teeth  on  the  clypeus  quite  different,  there  being  sixeqn;4i  long, 
slender,  prominent  teeth.  The  labium  is  shorter  and  broader  than  that 
of  the  European  H.  rujicomis^  Linn. 

The  alcoholic  collections  made  by  Lieutenant  Carpenter  also  contain  a 
larva  of  Agabua  from  a  lake  near  Long's  Peak;  elevation  0,000  feet; 
June  1. 

EXPLANATION  OF  PLATE. 

Fig.    1.  Cranihus  Carpenter ellm,  Pack. 

2.  Zerene  catenaria  (Drury). 

3.  A^pilates  qitadri/asciaria^  Pack. 

4.  JUiMUtpilates  spinatariay  Pack. 
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6.  Phaaiane  favoftMciata,  Pack. 

6.  Marmapteryx  tessellata^  Pack. 

7.  Macaria  Califomiatu,  Pack. 

8.  Caulostoma  occiduaria^  Pack. 

9.  Endrapia  vinosariaj  Grote  and  Bob. 

10.  Agrotis  Islandica^  Staudiuger. 

11.  Hepialus  pulcher ^Gvote. 

12.  Euleucophmus  tricolor^  Pack. 

13.  Heniileuca  DianUj  Pack. 

14.  Arctia  Quenseliij  Payk.,  larva,  enlarged  twice. 
15  Lithosia  argillacea^  Pack. 


REPORT  ON  THE  DIPTERA  COLLECTED  BY  LIEUT.  W.  L.  CAR- 
PENTER IN  COLORADO  DURING  THE  SUMMER  OF  1873. 


By  C.  E.  Osten  Sacken. 


A  report  on  the  JOipteraoi  the  Western  Territories  must  necessarily 
be  influenced  by  the  imperfect  condition  of  the  dipterology  of  the  Eastern 
States.  It  would  be  premature  to  describe  the  numerous  new  species 
contained  in  most  of  the  western  collections,  when  many  common  Dip- 
tera  in  the  Atlantic  States  have  not  been  named  or  properly  identified 
yet.  The  task  to  be  performed,  under  such  circumstf^nces,  is  to  single 
out  from  such  collections  the  most  remarkable  forms  the  description  of 
which  is  of  an  immediate  interest,  to  take  note  of  the  facts  bearing  upon 
the  geographical  distribution  of  insects ;  and  to  preserv^e  the  rest  of  the 
material,  carefully  labeled,  for  future  detailed  study.  The  accutnulation 
of  such  collections  will,  at  some  future  time,  render  it  worth  the  while 
to  treat  the  single  groups  monographically.  The  indiscriminate  working- 
up  of  collections,  with  promiscuous  describing  of  new  species,  would  only 
increase  the  already  unbearable  ballast  of  synonymy  without  any  real 
profit  to  science. 

A  few  words  on  the  mode  of  preservation  of  the  collections  of  Lieu- 
tenant Carpenter  may  not  be  superfluous.  Most  of  the  collections  of 
Diptera  previously  received  from  the  western  exploring  expeditions  were 
preserved  in  alcohol,  which  made  them  entirely  worthless  for  scientific 
purposes. 

The  ])resent  collection  was  sent  to  mo  in  small  wooden  pill-boxes, 
in  which  the  specimens,  well  dried,  were  closely  packed  together.  Al- 
though, with  this  mode  of  treatment,  many  specimens  were  broken  and 
most  of  the  autennje  lost,  still  the  specimens  remain  recoguizableand 
aflbrd  useful  scientific  material  for  the  study  of  the  geograpical  distribu- 
tion, and  even  in  some  cases  for  description,  provided  only  tlie  si^eci- 
mens  are  numerous  enough.  The  only  satisfactory  mode  of  collecting 
Diptera  is  to  pin  them  immediately  after  catching;  but  as,  under  some 
circumstances,  this  cannot  be  conveniently  done,  the  mode  of  collecting 
used  by  Lieut.  W.  L.  Carpenter  in  the  present  instance  is  by  far  pref- 
erable to  alcoholic  treatment. 

The  collections  of  Diptera  during  the  summer  of  1873,  were  principally 
made  at  very  high  altitudes  (8,000  to  10,000  feet,  some  even  higher)  in  the 
Colorado  Mountains.  The  materials  for  the  geographical  distribution 
of  insects  which  these  collections aftbrd  are,  therefore,  of  considerable  in- 
terest. Thechief  character  of  the  fauna  of  those  high  altitudes,  as  might 
be  expected,  is  a  northern  one.  Nearly  all  the  species  which  could  be 
identiiied  (as  will  be  seen  in  the  enumeration  given  below)  had  been 
first  described  from  specimens  received  from  the  British  possessions  in 
North  America.  I  would  name,  for  instance,  Hesperinus  hrevifrons, 
Walker,  which  Mr.  Keunicott  brought  from  about  latitude  65^,  on  Mac- 
kenzie River,  and  which  I  found  on  Mount  Washington,  above  tree-line. 
It  was  brought  from  Fair  Play  (latitude  38©,  elevation  9,000  to  10,000 
feet). 

The  higher  the  elevation  at  which  the  insects  were  taken,  the  more 
this  boreal  character  of  the  fauna  was  marked.    Lower  down,  the  pecu- 
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liar  faana  of  the  plains  becomes  more  apparent  on  each  side  of  tlic 
mountains,  with  its  own  peculiarities.  The  plains  east  of  the  mouutaina, 
for  instance,  seem  to  be  very  rich  in  forms  of  Danypogonina ;  on  the 
Pacilic  side  the  Bomhylina^  especially  Anthrax^  Exoprosopa^  &c.,  seem  to 
be  numerously  represented.  The  materials,  however,  as  to  this  feature 
of  the  fauna  are  not  abundant  enough  to  admit  of  general  conclusions. 
I  will  now  give  the  result  of  my  examination  of  the  collections  in  the 
order  of  the  families. 

Family  CuLiciDui!:. 

Twin  Lakes,  July  21,  a  species  of  Culex  (preserved  in  a  bottle  and 
spoiled). 

Family  CnraoNOMiDiE. 

Twin  Lakes,  July  29,  several  specimens  of  minute  Chironomua^ 
Eagle  River,  August  29,  minute  Ceraioiwgons, 

Family  Simulid^. 
Eagle  Kiver,  August  29,  SimuUum,  sp.,  annoyed  horses. 

Family  Tipttlid^. 

Tipnla  (Twin  Lake  Creek),  allied  to  T,  longiventris^  Lw.,  and  resem- 
bling it  closely,  but  differing  in  the  picture  of  the  thorax. 

Tipiila  grata,  Lw.,  or  allied  species  (Pacific  8loi>e). 

Tipula  macrolabis,  Lw.  (Twin  Lake  Cre<.»k),  a  si>ecies  easily  identi- 
lied  by  the  peculiar  structure^  of  its  male  forceps.  I  ])ossess  specimens 
of  it  from  Fort  Resolution,  Mackenzie  River,  Iludson  Bay  Territory. 

Several  other  Tipulw  are  too  badly  preserved  for  ideutiiication. 

J'amily  Bibionid^. 

.Bibio,  sp.,  (f ,  9 .  Very  like  femoratiut,  Wild.,  but  smaller  and  appar- 
ently difl'erent ;  the  basis  of  the  wings  (in  9)  is  pale  5  the  forked  veins 
(in  ^  )  are  less  infuscated.  (Twin  Lake  Creek  and  Colorado  Mountains, 
Pacific  Slope.) 

Another  Bibio  (Colorado  Mountains)  is  too  badly  preserved  for  iden- 
tification. 

Plecia  longipes,  Loew  (probably  a  synonym  of  Bibio  heteroptera^  Say), 
a  common  species  in  the  United  States,  has  been  brought  from  the  Colo- 
rado Plains. 

Heftpet'inus  brevifroiis^  Walk.  (Fair  Play,  Colo.)      I  possess  this  spe- 
cies from  Mackenzie  Hiver,  and  I  found  it  myself  on  Mount  Washing-* 
ton,  K  H. 

Family  BLEPnAROCEUiDJE. 

Bibioeephnla  grandi^,  noyr  genus  and  species  (Colorado  Mountains); 
the  mot^t  interesting  in  the  whole  collection.  It  will  be  described  in 
detail  at  the  end  of  this  report. 

Family  Bombylid^e. 

IJxoprosopaj  sp.  (Twin  Lake,  Creek),  somewhat  resembling  fa^pennis 
Say,  but  diflierent.    A  single  very  much  damaged  specimen. 

Exoprosopa  decora,  Loew  (Colorado  IMains).  This  is  a  northwestern 
species,  which  I  possess  from  Iowa,  Illinois,  and  the  Red  liiver  of  the 
North.    A  single  damaged  specimen. 

Exoprompa,  sp.  (Colorado  Mountains).  A  single,  indifferently  pre- 
served specimen. 

Anthraj:i  sinnosa,  Wild.  (Twin  Lake  Creek  and  Colorado  MountainSi 
Pacific  slope).  A  rather  common  species  in  the  United  States.  Five 
speoimeas. 
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ytw/feroj?,  sp.  (Fair  Play,  Colo.),  a  single  denuded  and  broken  speci- 
men, not  unlike  Heinipenthes  seminigra,  Lw.,  from  Saskatchewan  liiver 
and  Canada. 

Anthrax,  sp.,  closely  allied  to  A.  flavic^s,  Lw.  (Colorado  Mountains, 
Pacific  Slope.)  I  possess  the  same  species  from  Utah  Territory,  select- 
ed by  Mr.  Suckley. 

Anthrax  alcyxyn,  Say  (Colorado  Mountains),  a  northwestern  species 
which  T  have  from  Saskatchewan,  the  Red  River  of  the  Noi-th,  &c. 

Anthrax,  sp.  (Twin  Lake  Creek  and  South  Park),  several  indiffer- 
ently-preserved species,  which  cannot  be  identified. 

Anthrax  fulviana,  Say  (Twin  Lake  Creek  5  Colorado  Mountains),  a> 
northwestern  and  northern  species.  (I  have  l>efore  me  specin^ens  from 
Maine,  Canada,  Lake  Superior,  and  Yukon  River.) 

SystcRchus  candiduluSj  Loew  (Colorado  Plains),  a  western  species,  also 
occurring  in  Illinois. 

Systcechus,  sp.  (Twin  Lake  Creek). 

SyatcechnSy  sp.  (Colorado  Mountains),  apparently  identical  with  a 
California n  species. 

Bombylius  (sensu  strict),  spec.    (Twin  Lake  Creek  and  South  Park). 

Family  Stratiomyid^. 

Odontomyia  mgriroHtris,  Lw.  (Colorado  Mountains,  Pacific  Slope), 
was  originally  described  from  specimens  caught  in  Northern  Minnesota. 

Odontomyia,  (between  Clear  Creek  and  Colorado  City),  identical  or 
closely  allied  to  0.  intermedia,  Wied.  (f),  a  species  common  in  the  North- 
ern Suites. 

Stratiomyia  nymphin,  Walk.  (Twin  Lake  Creek),  was  originally  de- 
scribed from  specimens  from  the  British  possessions  in  North  America. 

Family  AsiLiD^. 

Laphria  (Colorado  Mountains),  apparently  identical  with  L4  bilincata, 
Walk.,  from  the  British  possessions. 

Uraxj  about  five  species,  one  of  which  (Twin  Lakes)  bears  a  decidedly 
northern  aspect;  the  others,  on  the  contrary,  seem  to  belong  to  the 
fauna  of  the  plains. 

Dasypogonina,  several  species;  general  character  of  the  fauna  of  the 
plains. 

Family  LeptiD/t:. 
Atherix  variegata,  ^Valk.,  also  found  in  the  British  possessions. 

Family  Tabanid^. 

Contains  no  striking  forms ;  the  two  or  three  species  of  the  collection 
all  belong  to  the  common  type  of  the  European  T.  trapicm,  Lin.,  qua- 
tuornotatus,  Meig.  Bromius,  Lin.,  &c.,  which  is  represented  by  several 
species  in  the  northern  portions  of  North  America.  Many  descriptions 
of  these  species  exist,  but,  unfortunately,  none  of  them  precise  enough 
for  identification. 

One  of  these  Tahamis  occured  on  the  mountains,  above  the  tree-line. 

Family  SYBPHEDiR. 

Volucellu,  sp.  (Colorado  Plains);  a  single  specimen.  I  have  received 
another  specimen  of  this  species  from  Mr.  James  Ridings  in  Philadel- 
phia, who  caught  it  in  the  same  district. 

Volucellu,  sp.  (Twin  Lake  Creek);  probably  new;  type,  northern; 
unfortunately  a  single  imperfect  specimen. 

Artophila  sp.  (Colorado  Mountains) ;  again  a  northern  insect. 
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Serkotnyia  militarise  Walk.  (Colorado  Mountains);  the  same  ioseet 
occurs  tVequeutly  in  Canada  and  also  in  the  White  Mountains. 

Helophilus  billneafus,  Curtis  (Twin  Lakes),  tirst  described  from  sped- 
mens  brou<irht  back  by  Captain  lloss  from  his  polar  cruise.  I  possess 
it  also  troin  Labrador. 

UeJophUvfie  n.  sp.?  (South  Park,  Colorado),  which  I  also  received  from 
Fort  Resolution,  on  Mackenzie  Kiver,  and  from  other  parts  of  the  British 
])ossession8. 

Chrynotoxvm  deriratum^  Walk,,  (Colomdo  Mountains),  described  by 
Mr.  Walker,  from  the  British  possessions  in  North  America.  I  have 
si^eciinens  from  Alaska. 

UriHtaliM^  two  or  three  species  (specimens  principally  from  Twin  Lake 
Creek),  which  I  could  not  identify  with  any  8i>ecies  I  know. 

MelithrepUiH^  sp.  (Twin  Lake  Creek),  very  like  M.  eylindrictia^  Say, 
but  apparently  different. 

Stp'phus  corolla  (Fair  Play),  Wfr(/>(?wwi>(?)  and  one  or  two  others  which 
I  couhl  not  identify. 

SyrphuH  ohiiquuH,  Saj',  was  found  above  the  tree-line. 

Family  (Estridj:. 

The  common  horse  hot,  GatftruH  equi  (Colorado  Mountains). 

The  families  Tachinidw,  AvthomyidWj  Mmcidcc  are  represented  by  a 
considerable  number  of  specimens,  although  not  so  many  species. "  I 
will  notice  especially  the  tmpient  occurrence  of  species  of  Oonia  in  the 
mountain-n^^ion,  and  a  large  Echinomyia  from  the  plains.  The  common 
blue  bottle-liy  has  been  found  ascending  the  mountains  above  the  tree 
line. 

As  the  above-named  families  have  not  been  worked  up  in  the  Eastern 
States  yet,  it  would  be  premature  to  attempt  any  further  identification 
of  the  species. 

The  most  interesting  novelty  in  the  whole  collection  is  a  species  of  the 
family  Jilepharocvridw,  a  family  rather  anomalous  in  its  structure,  of 
very  doubtliil  jwsition  in  the  system,  and  counting,  as  yet,  but  a  few 
members.  Only  necen  species,  distribut(»d  among  live  genera,  are  known 
from  the  whole  world.*  F(mr of  these  species  are  from  Europe;  the 
remaining  three  are  from  Ceylon,  from  South  America,  and  fix>in  the 
United  States.  The  new  species  from  Colorado  is  thus  the  eighth  in  the 
group,  and  reciuires  the  formation  of  a  new  genus,  the  sixth  iu  the 
famib\ 

Bihiocephala^  nov.  gen.  Closely  allied  to  Blepharovera^  but  difieriog 
l)rncipally  iu  the  venation  of  the  wings,  the  shortness  of  the  antennae, 
and  tiie  structure  of  the  head.    I  possess  only  male  specimens. 

p]yes  divided  in  two  halves ;  the  upper  one  with  larger  and  the  lower 
one  with  smaller  facets;  these 
two  halves  are  of  nearly  equal 
size,  (the  upper  one  even  seems  to 
be  a  little  larger),  and  both  are 
clothed  with  a  dense  and  short 
microscopic  pul>escence;  besides 
this  pubescenc^e,  the  lower  half 
is  beset  with  long,  erect  pile ;  the 
two  halves  are  contiguous,  and  not  separated  by  a  narrow  band,  without 
facets  (at  least,  I  am  not  able  to  perceive  any  such  band).    The  eyes  are 

^AU  that  is  known  about  tiiis  funiily  may  be  t'ouiid  in  tiio  impor  **  La  faiiiigna  <lei 
i^'/r^^/fffp/a-nV/Z/'by  H.  Luc'w,  iu  the  "  BuUetino  ileUa  Soc.  eutoui.  italiuDa,"  vol.  i,p. 
bo-lUl,  tub.  ii. 
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contignoas;  no  linear  front  being  perceptible  between  them.  ^In  Bl. 
capitata,  Lw.,  <f ,  the  upper  half  of  tbe  eyes  is  much  smaller  than  the 
lower  one ;  there  is  no  long  pile  on  the  lower  half ;  both  halves  are  sepa- 
reted  by  a  distinct  baud,  without  facets ;  the  eyes  are  separated  by  a 
narrow,  linear  front.  BL  capitata,  Lw.,  the  only  American  species  hith- 
erto known,  was  discovered  by  me  in  the  woods,  near  Washington,  D.  C, 
June  7-10,  1862.  In  life,  the  upper  half  of  the  eyes  was  reddish-green, 
the  lower  purple.) 

Ocelli  in  the  usual  position,  on  the  vertex  (they  are  proportionally 
smaller  than  in  BL  capitata). 

Antennae  short;  about  equal  in  length  to  the  longitudinal  diameter 
of  the  head,  15jointed ;  the  second  joint  hiis  more  than  double  the 
length  of  the  first,  and  is  curved ;  the  first  joint  of  the  fiagellnm  is 
subcylindrical ;  the  other  joints  are  short,  broader  than  long,  and  beset 
with  short  pile ;  the  last  joint  is  pointed.  (In  BL  capitaUi,  the  antennae 
are  comparatively  longer,  being  at  lea^st  twice  as  long  as  the  head  ;  the 
second  joint  is  not  longer  than  the  first ;  the  joints  of  the  fiiigellum  are 
cylindrical,  slender,  which  gives  the  antenna  a  filiform  appearance.  The 
second  joint  of  the  antenna  of  Bibiocephula  resembles  that  of  Apistomiay^ 
the  blepharocerid  from  Corsica,  as  figured  in  Loew,  loc,  ctf.,fig.  2.) 

Face,  mouth,  and  palpi  seem  to  be  very  like  those  of  Blepharocera  ; 
about  the  latter  two,  it  would  be  unsafe  to  judge  from  dry  specimens 
(About  BL  capitata^  which  I  examined  alive,  I  took  at  the  time  the  fol- 
lowing note:  '*The  mouth  of  the  female  consists  of  several  lancet  like, 
horny  organs,  protected  by  a  fleshy,  movable  under  lip  j  in  the  male,  the 
horny  lancets  are  absent,  or  else  indistinct.  The  last  joint  of  the  palpi 
is  elongate,  slender."  It  is  very  probable  that  the  mouth  of  Bibioce- 
phala^  (J ,  has  a  similar  structure;  only  the  last  joint  of  the  palpi  seems  to 
be  proportionally  shorter.) 

Thorax  rounded ;  thoracic  suture  appears  as  a  distinct,  curved  groove 
on  both  sides,  but  is  interrupted  in  the  middle  (similar  to  that  of  BL 
capitata), 

Hypopygium  large,  projecting  like  that  in  a  male  Erax.  (The  forceps 
seems  to  be  analogous  in  structure  to  that  oi BL  capitata)  only  the  two 
l)rincipal  projecting  pieces  are  broader,  shorter,  and  bfld  at  the  tip.) 

Feet  long,  strongly  built,  and  bare,  excepting  a  microscopic  pubes- 
cence; front  and  middle  parts  about  equal  in  length,  the  last  pair  much 
longer,  especially  through  the  great  length  of  the  femora.  Front  coxae 
separated  by  a  considerable  space;  the  second  joint  of  the  trochanters 
very-  long;  middle  coxa?  more  approximated;  the  hind  ones  contiguous. 

Front  tibjai  strongly  arched,  no  distinct  spurs  at  the  end;  middle  and 
hind  tibiai  straight;  the  middle  ones  with  two  stout,  but  very  small 
spurs,  the  hind  ones  with  two  short,  stout,  and  very  distinct  spurs  at 
the  end.  The  joints  of  the  tarsi  on  all  the  feet  gradually  diminish  in 
length,  the  first  being  by  far  the  longest;  the  last  joint,  however,  is 
nearly  twice  as  long  as  the  preceding  one.  Ungues  elongated,  strong  at 
the  basis ;  their  under  side,  under  a  nmgnifying-power  of  80-100,  shows 
a  dense  brush  of  exceedingly  minute,  erect  hairs,  which  extends  to  about 
half  of  the  under  side  on  the  first  pair,  and  to  about  three-quarters  on 
the  two  others.  The  basis  of  the  ungues  shows  some  longer  bristles. 
No  distinct  empodia.  (The  curved  front  tibiae  seem  to  indicate  a  habit 
of  throwing  the  front  feet  backward  and  clasping  the  thorax  with  them; 
at  least  some  of  the  dried  specimens  were  in  that  position  In  BL  capi- 
tata the  feet  ai*e  comparatively  longer  and  more  slender;  the  front  tibise 
are  straight;  the  last  tarsal  joint  is  not  longer  than  the  preceding;  the 
middle  cox£e  are  contiguous,  e&.) 
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Wings  (see  tbe  figure),  in  shape,  are  like  those  of  most  of  the 
known  BlepharocerUhv^  having  the  same  projecting  anal  au^le,  with  a 
rounded  end  (compare  Loew,  loe.  eit^  Fig.  3,  G,  and  12).  The  venatiou 
is  very  like  that  of  Blepharocera  {loc.  cit.^  Fig.  12),  only  there  is  an 
intercalary  longitudinal  vein  between  the  first  and  second  veins.  It 
begins  near  the  origin  of  the  second  vein,  runs  alongside  of  the  first,  and 
ends  in  it  a  little  before  its  tip.  Near  its  end,  it  bears  a  short  stiinip  of 
a  vein,  which  is  indistinct  in  some  specimens.  The  large  fork  formed 
by  the  penultimate  longitudinal  vein  is  connected  at  its  basis  by  a  cross- 
vein  with  the  preceding  vein  (which  is  not  the  case  in  BL  capitata). 
An  auxiliary  vein  is  apparent,  but  it  does  not  reach  beyond  the  origiu 
of  the  second  vein. 

There  is  an  alula  and  an  alar  excision.  In  the  alar  excision,  between 
the  alula  and  the  anal  angle,  a  i)eculiar,  apparently  horny  knot,  of  irreg- 
ular outline,  is  apparent,  connected  with  a  vein  encompassing  the  alula.* 
The  fringe  of  hairs  bordering  the  wing  is  exceedingly  minute,  hardly 
visible  with  a  lens  of  modeiate  power,  except  in  tlie  alar  excision, where 
the  hairs  are  longer.  The  surface  of  the  wings  is  bare  to  the  naked  eye, 
but  shows  niicroscopic  hairs  under  a  magnifying  power  of  80—100.  The 
peculiar  spider- web-Jike  net- work  existing  on  the  wings  of  all  the  known 
Blepharoceridw  is  also  apparent  here. 

The  name  of  the  genus  is  derived  from  the  resemblance  of  the  head, 
with  its  contiguous  eyes  ami  short  antennjc,  to  that  of  a  male  Bibio. 

B.  gmndis^  n.  sp.,  ^ ,  black,  opaque,  clothed  with  blackish  pile  ;  anten- 
lue  black ;  first  joint  of  the  flagellum  somewhat  paler ;  thorax  with  a 
slight  yellowish-gray  bloom  above,  forming  an  indistinct  design  and  two 
faint  stripes;  abdomen  black,  with  indistinct  markings  of  yellowish- 
gray  bloom ;  the  nmrgins  of  the  ventral  segnu^nts  and  the  under  side  of 
the  hypopygium  brownish-yellow.  Uulteres  pale  yellowish-brown. 
Feet  brownish,  except  the  coxa?  and  the  basid  half  of  the  femora,  which 
arc  brownish-yellow.  Wings  with  a  brownish  tinge.  Len^i^tb,  10-11 
millimeters ;  length  of  the  wing,  0  millimeters.  Five  male  sx)ecimen8 
taken  in  the  Colorado  Mountains  in  August. 

Observation. — In  comparing  the  figure  of  the  wing  of  this  species 
with  that  of  ProioplaHa  (Monogr.  of  N.  A.  Diptera,  vol.  iv,  p.  317),  one 
cannot  help  being  struck  by  the  great  resemblance  of  both.  If  we  pro- 
long the  interrupted  vein  iii  Bibiocephala  until  it  reaches  the  cross-vein 
above  it,  we  obtain  very  nearly  the  venation  of  Protoplasa.  The  differ- 
ences are  (1)  the  undeveloped  end  of  the  auxiliary  vein  of  Bibiocephxda 
(which  is  made  too  weak  in  the  wood-cut) ;  (2)  the  absence  of  the-suxier- 
numerary  longitudinal  vein  oi  Protoplana  (which  vein,  as  I  have  shown, 
loe.  vit.,  p.  319,  is  buc  the  thickening  of  a  fold  existing  in  thfe  same  place 
in  Ftychoptera) ;  (3)  the  absence  of  the  cross- veins  forming  the  discal  cells. 

These  ditterentjes  are  of  far  less  nu^ment  than  the  analogies.  The 
shortness  of  the  basal  cells  and  the  squareness  of  the  anal  angle  ai*e  also 
characteristic  of  both  wingvS.  The  additional  vehi  which  distinguishes 
Bibiocephala  from  the  otlwv Blepharoceridw  is  the  ordinary  branch  of  the 
second  vein,  api>arent  in  Vrotoplasa  and  very  common  among  the  Tipu- 
lidcv. 

Thus,  Bibiocephala  serves  to  confirm  the  hint  thrown  out  by  mo  some 
time  ago  (Monographs,  &.,  IV,  p.  3)  about  the  relationship  between  the 
Blepharoceridw  and  the  Ptychopteriiia. 

*Mr.  Burgess  first  called  my  attention  to  this  pecuUar  structure,  which  I  also  perceive 
in  Blrpharocera,  and  which  docs  not  secui  to  have  heen  noticed  befoi-e. 


NOTICE  ON  THE.GALLS  COLLECTED  BY  LIEUT.  W.  L.  CARPENTER. 


By  C.  R.  Osten  Sacken. 


A. — Oak-galls,  Colorado  Springs,  September  25. 

1.  Leaf-gall,  globular,  hollow,  very  similar  to  the  gall  of  Cynips  singu- 
lariSj  Bassett,  although  Dot  identical.  The  gall-fly,  a  Cynips^  was  cut  out 
of  the  gall  inside  of  which  it  had  died  before  being  hatched. 

2.  Leaf-gall  of  the  same  class  as  that  of  Cynips  pegmncbchoideSy  O.  S., 
and  Cynips  erinacetis^  Walsh, 

3.  Bud-gall,  different  from  all  other  galls  known  to  me  in  this  coun- 
try ;  probably  likewise  a  Cynips. 

It  is  to  be  regretted  that  the  species  of  oak  on  which  these  galls  were 
found  were  not  taken  note  of. 

B. — Willow-galls. 

All  the  galls  examined,  from  four  different  localities,  belonged  to  a 
hymenopterous  insect,  Nematus  (family  Tenthredinid<e),  very  common 
on  willows. 

The  galls  taken  July  7  were  very  young ;  those  taken  on  Bast  River, 
August  12,  still  contained  the  caterpillar;  those  of  September  1  to  18 
were  empty.  A  lot  taken  near  the  Twin  Lakes,  July  29,  had  a  peculiar 
shape,  and  was  covered  with  a  whitish  bloom.  It  may  have  been  a 
different  species,  although  it  is  undoubtedly  a  Nematiis, 

C— Cottonwood  galls. 

September  18,  Clear  Creek ;  galls  formed  by  Aphides  at  tlie  point  of 
attachment  of  the  leaf-stalk  to  the  leaf.  They  are  very  similar  to  the 
galls  of  Pemphigus  popuUcaulis^  Fitch,  on  poplar,  and  may  be  produced 
by  this  very  species. 

July  15,  South  Park ;  woody  swelling  of  the  branches.  It  does  not 
seem  to  be  a  gall,  as  it  is  entirely  solid  on  the  inside.  It  may  have  har- 
bored insects,  as  several  round  holes  upon  its  surface  seem  to  indicate, 
but  the  deformation  is  not  necessarily  caused  by  the  presence  of  these 
insects. 

D. — Galls  on  sage-bushes. 

September  8,  pupa-shells,  found  inside  of  these  galls,  seem  to  belong 
to  the  genus  Trypetu. 


LIST  OF  SPECIES  OF  COLEOPTERA,  COLLECTED  BY  LIEUT. 
W.  L.  CARPENTER,  UNITED  STATES  ARMY,  FOR  THE  UNIT- 
ED STATES  GEOLOGICAL  SURVEY  OF  COLORADO,  1873. 


By  Hknry  Ulke. 
CICINDELID^. 


Cicindela  longilabris,  Say. 
pulchra.  Say. 


Cicindela  purpurea.  Olio. 

tranquebarica,  Herbst. 
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CARABID^. 


Elaphras  californicas,  Mann. 
Carabas  tsedatus,  Fabr. 
Oychros  elevatas,  Fabr. 
^ebria  Sahlbergi,  Fiscb. 
Pasimacbus  elongatas,  Lee. 

obsoletas,  Lee. 
Braebinus  eonformis,  Dej. 
Metabletus  amerieanus,  Dej. 
Gymindis  reflexa,  Lee. 
Calatbus  ingratu»^  Dej. 

dabias,  Lee. 
Platynus  plaeidus,  Say. 
ebaleeus,  Lee. 
Pterostiebus  protractua,  Lee. 

longulus,  Lee. 

lueublandus,  Say. 

seitulus^  Lee. 

LuQzotii,  Dej. 
Amara  laeastris,  Lee. 
obtusa,  Lee. 


Amara  patrieia,  Dcrf . 
fallax,  Lee. 
erratiea,  Sturm. 
terrestris,  Ijec. 
subfenea,  Lee. 
polita,  Lee. 
Gblfenius  sericeas,  Forst. 
Notbopus  zabroides,  Lee. 
Harpalas  ealiginosas,  Say. 
amputatus,  Say. 
funestus,  Lee. 
oblitus,  Lee. 
pleuritieus,  Kirby. 
opaeipennis,  Hald. 
ellipsis,  Lee. 
Anisodaetylus  rustieus,  Dej. 
Kurj'triebus  terminatns,  Say. 
BembidiumMannerbeimii,  Lee 
lueidum,  Lee. 
qaadrimaculatum,  Gyfl 


DYTISCIDiE. 


Laeeopbilus  trnneatus,  Mann. 
Oolymbetesquadrimaeulatus,Aube. 

densas,  Lee. 

binotatus,  Harris. 


Golymbetes  agilis,  Fabr. 
Aeilius  fraternus,  Harris. 
Dytiseus  marginieollis,  Liec. 


GYRINIDiE. 

Gyrinus  affinis,  Anbe.  1  Gyrinus  maculiventris,  Liec. 

HYDROPHILID-^. 


Hydropbilus  lateralis,  Fabr. 

subljBvis,  Lee. 


Berosus  striatas,  Say. 
Hydrobius  fuscipes,  Linn^. 


SILPIIID^. 


Silpba  lapponica,  Herbst. 
rainosa,  Say. 


Necropborus  velutinus,  Fabr. 


STAPHYLINIDiE. 


Creopbilus  villosua,  Grav. 
Porrhodites,  one  species. 
Honialota,  one  species. 


Oxypoda,  one  species. 
Oxytelns,  one  species. 


HISTERID^. 


Saprinus  oregonensis,  Lee. 


NITIDULIDiE. 


Carpopbilus  pallipennis,  Say.  |  Ips  Dejeannii^  Eirby. 
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Dermestes  marmoratas,  Say. 
fasciatus,  Lee. 


DERMESTIDJE. 

Dermestes  nnbilus,  Say. 

BYRRHIDiE. 


Cytilas  varius,  Fabr. 

LUCANIDiE. 

Platyceras  depressas,  Lee. 

SCARAB^ID^. 


Ganthon  vigilans,  Lee. 
ebeDus,  Say. 
Ontbophagus  latebrosus,  Fabr. 
Pbauaius  carnifex,  MeL. 
Trox  porcatns,  Say. 
Apbodius  rurieola,  Mels. 


Diplotaxis  obseura,  Lee. 
Tostegoptera  laneeolata,  Say. 
Polypbylla  10-lineata,  Say. 
Tricbius  affiiiis,  Gory. 
Earyomia  ioda,  Lac. 


BUPRESTID^. 

Melanopbila  longipes,  Say.  |  Ancyloebira  eonflaens.  Say. 


ELATERID-^. 


Alaas  nielanops,  Lee. 
Corymbites  morulas,  Lee. 


Calopterou  terminale,  Say. 
Pbotinus  lacastris,  Lee. 

angustatus,  Lee. 


Collops  cribrosns,  Lee. 
Dasytes  Hudsouicus,  Lee. 


Tricbodes  oroatus,  Say. 
Clerus  sphegeus,  Fabr. 


Corymbites  tinetas,  Lee. 


TELEPHORID^. 


Chanliognatbus  basalis,  Lee. 
Podabrus  lajvieollis,  Kirby. 


MALACHIDJE. 

Listras  senilis,  Lee. 

CLERID^. 

Hydnoeera  subfasciata,  Lee. 

SCOLYTIDiE. 


Xyleborus  septentrionis,  Mann.        |  Dendroetonus  obesus,  Mann. 


TENEBRIONID^. 


Asida  sordida,  Lee. 
elata,  Lee. 
opaca,  Say. 
politJi,  Say. 
Coniontis  ovalis,  Lee. 
Eleodes  obscura,  Lee. 
suturalis,  Say. 
bispilabris,  Say. 


Eleodes  trieostata,  Say. 

extrieata,  Say. 

obsoleta,  Say. 

nigrina,  Lee. 

bnmeralis,  Lee. 

pimelioides,  Mann. 
Blapstiuus  pratensis,  Lee. 
Ipbthimns  sabtovis,  Bland. 
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CISTELID.f:. 

Hymonoras  obscurus,  Say. 

ANTHICID^E. 


Corphyra  Lewisii,  Horn. 
Stcreopalpus  guttatus,  Lee. 


Notoxus  bifasciatas,  Lee. 
subtiliSy  Lcc. 


MeloD  uear  angusticollis,  Say. 
I^omaspis  parvula,  llald. 
Epicaiita  inacnlata,  Say. 
pruinosa,  Lee. 


MORDELLID.E. 

Mordella  seutollaris,  Fabr. 

MELOID.E. 

Lytta  Nil tt alii,  Say.^ 


spbicricollis,  Say. 
Nemoguatba  lurida,  Lee* 


(EDEMERID/E. 

Calopus  angiistus,  Lee. 

CERAMBYCID-a-:. 


Spoiulylis  u]>iformis,  Manii. 
Criocepbahis  agrestis,  Kirby. 
Batyle  suturalis,  Say. 
Tiiehyta  litiirata,  Kirby.'^ 
Aeiiueops  pro  tens,  Kirby. 


Acma»ops  prateDsis,  Laicb. 

longicoruis,  Kirby. 
Monohammii8  8euteHatii8,  Say. 
31onilema  aniiulatum,  Say. 
Tetraopes  feiuoratus,  Lee. 


CnRYSOMHLIDvE. 


Adoxus  vitis,  Linue.  j  Cbrysouiela  dissimilis,  Say. 

Cbrysoebus  auratiis,  Fabr.  i  Loiigi tarsus,  one  specnes. 

eobaltinns,  Lee.  Trirbab<hfc  aittenuata.  Say. 

Dorypbora  deeem-liueata,  Say.^  convergens,  Lee. 

Obrysoniela  exclaniationis,  Fabr.  !  Cassida  C-pnnctata,  Fabr. 


COCCINELLIIVE. 

Ilippodamia  5signata,  Mnls. 

parentbesis,  Say. 
convergens,  Germ. 


Coccinelhx  transversogiittata  Fald. 
luonticola,  Mul8. 
picta,  Kand. 


EROTYLID.E. 

Erotylus  lioisdnvalii,  Lee.* 

ci:rculionid.e. 


Alopbns  alternatns,  Say. 
Cleonus  trivittatns,  Say. 


Krirbiinis,  two  speeies. 
Ceutorbyncbus,  one  species. 


NOTES. 

1  LjfUa  ytitialli. — The  i^eogrnpliieal  distribution  of  tlu8  iiiBect  is  extnimely  limited.    It 
"WiiH  i'ouml  ill  South  Park,  near  the  heucl  of  the  South  Plat  to  River,  ou  the  Iris  tenax 
in  an  urea  which  niij^bt  be  bounded  by  a  radius  of  live  miles,  and  was  not  seen  at  any 
other  place  durinp;  the  season. 

^  Taehyta  liturata. — Found  on  the  Populua  tremuloides  and  P.  Jnilsamifera  in  imat 
numbers  at  an  altitude  of  about  8,0it0  ft^et. 

=*  Dori/phora  dtrrm-lhwata. — Colmado  potato-beetle.  This  insect  is  still  marching  cast- 
ward;  not  a  Hinj;le  Hpecimen  having  been  seen  west  of  the  dividing-rid};e.  It  is  prob- 
able thatyshouLd  the  potato  be  cultivated  on  the  western  water-shed,  it  would  bo  frue 
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from  the  ravap^s  of  this  destnictive  insect  for  a  number  of  years;  but  that  it  would 
ultimately  make  its  appearance  in  that  region  through  the  agency  of  the  seed.  This 
I  believe  to  be  the  manner  of  their  introduction  to  distant  localities,  as  they  are  slug- 
gish travelers,  and  quite  incapable  of  spreading  so  rapidly  by  their  own  instinct.  This 
belief  is  further  sustained  by  their  continued  absence  from  the  Salt  Lake  basin,  occa- 
sione<l  by  the  cheapness  of  vegetables  in  the  Mormon  settlements  excluding  the 
importation  of  potatoes  from  Colorado.  Nqt  found  at  a  greater  altitude  than  8,000  feet. 

**  ErolyluM  Boittdupalii. — Usually  found  upon  the  Pinus  ponderoHay  and  never  seen  at  a 
greater  altitude  than  9,000  feet.  Verv  abundant  in  the  eastern  foot-hills  of  the  Front 
range,  but  not  found  on  the  Pacific  slope  in  Colorado,  although  it  has  been  collected 
in  Arizona. 

Xemotjnatha  lurida  and  Lyita  NuttalH  verify  the  theorv  of  the  adaptability  of  the  color 
of  species  to  their  food-plant ;  the  former  being  found  feeding  upon  the  pistil  of  the 
CirHtum  undulatumf  which  it  so  nearly  resembles  in  color  as  to  often  escape  close  scru- 
tiny ;  the  latter,  found  ujion  the  Iris  tenaxy  is  of  precisely  the  same  color  as  that 
plant. 

W.  L.  C. 


KEPORT  ON  THE  PSEUDO-NEUROPTERA  AND  NEUROPTERA 
COLLECTED  BY  LIEUT.  W.  L.  CARPENTER  IN  1873  IN  COL- 
ORADO. 

By  Dk.  H.  a.  Hagen. 

Family  TERMITINA. 

TERMOPSIS. 

T.  anyusticolUHj  Ilagen,  Synop.,  3, 1. 

Rufous  paler  beneatb  ;  moutb  infuscate;  wings  dusky  hyaline ;  cos- 
tal veins  nitous ;  head  oval  flat;  prothorax  small,  semicircular.  Male 
and  female. 

Var.  UsecadensiH. — Dark  reddish  brown,  scarcely  i)aler  beneatb ;  wings 
dark,  smoky ;  costal  veins  blackish-brown.     Male  and  female. 

Length  to  tip  of  wings,  23-26  millimeters;  body,  H  millimeters; 
expansion  of  wings,  42-44  millimeters. 

tSoldier. — Stout,  yellow  ;  head  and  thorax  rufous ;  head  long,  oblong, 
depressed,  dark-brjown  anteriorly;  labrum  subquadraugular,  yellow; 
mandibles  black,  long,  straight,  the  pointed  tip  incurved ;  a  tooth  before 
the  tip  of  the  left  mandible;  palpi  brown;  eyes  wanting,  their  place 
indicated ;  antenna)  as  long  as  the  head,  about  24  joints ;  the  basis  of 
the  joints  brown,  darker  on  the  basal  joints ;  prothorax  as  large  as  the 
head,  semicircular ;  mesothorax  and  metathorax  rounded  behind,  with 
a  small  alar  lobe  each  side,  directed  backward ;  abdomen  ovoid  ;  appen- 
dages four-jointed,  long;  last  segment  with  two  divergent,  anal  spines; 
feet  strong,  rufous ;  femora  paler  yellowish. 

Length,  10  millimeters. 

Larva, — Stout,  elongated,  flattened  above,  pale;  head  yellow,  rounded; 
mouth  darker ;  eyes  indicated  as  in  the  soldier ;  autennte  24  jointed ; 
prothorax  semicircular,  small;  mesothorax  and  metathorax  larger, 
rounded  behind,  a  small  alar  lobe  on  each  side,  directed  dowuward; 
abdomen  ovoid,  the  appendages  two-jointed,  but  with  indications  of  two 
more  joints;  last  ventral  segment  with  two  anal  spines;  feet  strong, 
yellow. 

Length,  11  millimeters. 

yympha. — Size  and  color  of  the  larva ;  eyes  present,  pale ;  alar  lobes 
large,  flat,  triangular,  horizontally  covering  the  basal  third  of  the  abdo 
meii :  aiipendages  four-jointed ;  anal  spines  divergent. 

Habitat, — California,  San  Francisco,  (Mann),  San  Diego,  March, 
April  (Crotch) ;  Gulf  of  Georgia,  Fort  Steilacoom,  Semialunoo  (A.  Agas- 
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Biz);  British  Columbia,  Quesuel  Lake;  Truekee,  Sierra  Nevada  (Crotch): 
Louisiana  (Pleiffer). 

Tlie  specimens  arc  dry  or  preserved  in  aleoboL  T,  anffU8tiooUis  U  a 
real  western  species.  1  saw  only  one  si>eeimen  from  Nevada,  collected 
on  the  western  border  of  the  8tate.  An  ima^o  from  Louisiana,  collected 
by  Mrs.  PfeiOer,  is  preserved  in  the  museum  at  Vienna,  Austria.  So 
far  as  known,  this  species  is  not  yet  fouud  in  Texas  or  Mexico.  Messi& 
A.  Agassiz  and  G.  II.  Crotch  observed  this  species  living  beneath  the 
bark  of  pine-trees. 

The  win^ijed  imaf,^os  differ  in  color,  the  typical  specimens  being  rufous, 
though  some  of  them  are  darker.  The  single  nmle  fi^oui  Nevada  ia 
smaller  and  the  wings  not  as  broad,  (one-fortieth  inch),  and  throughont 
much  darker;  but  anmnganuniber  of  alcoholic  s])ecimenstroni  San  Diego 
and  Semialunoo  there  are  some  nearly  as  dark;  and,  moreover,  it  is 
not  impossible  that  the  Nevada  s[>ecimen  was  darkened  by  carbolic  acid 
in  the  collecting-bottle.  The  discovery  of  the  soldiers  and  of  the  other 
stages  is  very  important.  T.  occidoiiiH^  formerly  su])posed  to  beloug  as 
soldiers  to  T.nnijmiivoUiH^  is  now  to  be  considered  as  a  difierent  species, 
the  imago  of  which  is  still  unknown. 

T.  occidentiH^  llagen,  Synop.,  3,  2. 

SoltlUr. — Very  stout,  rufous ;  abdomen  yellow  ;  head  hirffe,  nearly  as 
broad  as  long  ;  convex  above,  rounded  laterally,  depressed  anteriorly, 
the  anterior  angles  prominent,  jointed,  dark-brown  ;  antennie  lO-joiured, 
j)ale,  the  lirst  and  tliird  joint  longer,  dark  brown  ;  labruui ovoid,  yellow; 
eyes  present,  black,  ovai ;  mandibles  shorter  than  the  head,  black,  8tout, 
curved,  the  lott  one  with  a  <louble  tootli  before  the  tij).  Pi-othorax 
broader  than  the  head,  large,  ilat,  cordiform,  the  anterior  margin  deeply 
notched ;  mesothorax  large,  broad,  with  a  short.  Hat,  tiiangular,  alar  lobe ; 
metathorax  shorter  and  narrower,  the  alar  cover  smaller.  Abdomen 
large,  long,  ovoid ;  appemlages  very  short, conical,  2-jointed;  last  ventral 
segment  with  two  small  spines  placed  near  together ;  feet  stout,  brown; 
femora  rufous. 

Length,  19  millimeters. 

Larca, — Pale-yellow;  head  brighter  yellow,  rounded,  tlat  above ;  nnten- 
na^  pale,  about  li2-jointed ;  eyes  jiresent,  black,  well  detined.  Prot  borax 
as  broad  as  the  head,  transverse;  angles  rounded,  the  hind  ones  more 
obtuse ;  mesothorax  of  the  same  size,  flattened,  transverse,  a  little 
broader ;  on  each  side  a  triangular,  depressed  alar  lobe  nearly  as  long  as 
the  metathorax ;  the  latter  similar  but  larger;  the  abdomen  broader, 
thick,  ovoid ;  the  appendages  and  spines  similar  to  those  of  the  soldier. 
Feet  less  stout,  yellow. 

Length,  14  millimeters. 

Habitat — California  :  (^'ape  San  Lucas  (Xanthus  de  Vesey).  The 
type  of  Walker  from  the  west  coast  of  Central  America.  The  described 
specimens  are  preserved  in  alcohol.  The  descriptions  of  the  previous 
stages  of  T.  augmtk'oUiH  and  T.  occidentls  prove  the  difference  of  the 
two  species.  The  soldier  of  1\  occidentls  differs  by  the  rounded 
shorter  head  ;  the  two-toothed  mandibles  ;  the  prothorax  very  large, 
broader  than  the  head,  and  nearly  bilobate ;  the  alar  lobes  large,  flat, 
horizontal;  the  appendages  very  sbort,  two-jointed  ;  the  eyes  black,  well 
developed.  The  larva  differs  by  the  alar  lobes  large,  directed  down- 
ward ;  the  prothorax  transversely  oblong ;  the  abdomen  thick,  ovoid ; 
the  aii>j)endages  similar  to  those  of  the  soldier ;  the  eyes  black,  well 
developed. 

The  iuiago  is  still  unknown ;  I  suppose  they  belong  to  the  genus  Ter* 


HAGEx]     ZOOLOGY — PSEUDO-NEUROPTKRA  AND   NEUROPTERA.        573 

mopsis  ;  nevertheless,  the  well-developed  eyes  of  the  soldier,  and  even 
of  the  larva,  make  this  supposition  rather  doubtful. 

The  genus  Termopsis  was  formed  by  Professor  Heer  for  fossil  species 
preserved  in  the  amber  of  Prussia,  and  in  the  schists  of  Oeiiingen.  T. 
angusticolUs  and  perhaps  T.  ocddentis  are  the  only  known  living  si)ecics 
of  this  genus ;  and  their  occurrence  in  North  America  is  the  more  inter- 
esting, as  some  other  remarkable  species  of  the  amber-fauna  are  still 
represented  by  similar  living  species  in  the  fauna  of  North  America. 

Family  PERLINA. 

PTERONARCYS. 

Pt»  californica^  Hag.  Synop.,  16,  5  (Proc.  Bost.  Soc.  Nat.  Hist.,  xv,  284.) 

A  full  description  is  given  in  the  monograph  of  this  genus  in  the 
quoted  proceedings. 

Habitat — California;  Washington  Territory,  between  Rock  and  Cas- 
cade Rivers ;  Lake  Winnipeg  (Kennicott) ;  Ogden,  Utah,  from  a  river 
tributary  to  Great  Salt  Lake,  in  June  (C.  Thomas).  Nymphw  from  the 
San  Luis  Valley.  Colorado.  I  have  seen  a  number  of  specimens,  dry  and 
in  alcohol,  male,  female,  and  nympha.  According  to  McLachlan's  state- 
ment, the  wings  of  the  California  specimens  are  very  smoky  and 
opaque ;  perhaps  they  w^ere  darkened  by  the  carbolic  acid  used  by  the 
collectors.  Ft,  eali/ornica  is  a  decidedly  western  species.  Ft,  bilvbUj 
from  Trenton  Falls,  N.  Y.,  a  species,  as  yet,  onl^'  represented  by  the 
female  type  in  the  British  Museum,  is  very  nearly  related,  but  accoixl- 
ing  to  McLachlan's,  a  different  species. 

Ft.  reffularWj  sp.  nov. 

Male, — Dark-brown,  paler  beneath  ;  head  dark-brown  ;  the  posterior 
margin,  two  large  lateral  spots  connected  by  a  line  behind  the  ocelli, 
two  flattened,  round  tubercles  a  little  before,  and  the  anterior  margin 
all  (lull-yellowish ;  lateral  margin  carinated  up  to  the  tubercles  ;  three 
ocelli  well  developed;  labrum  small,  brown;  antenuie  slender,  half  as 
long  as  the  wings,  brown ;  the  basal  joints  yellowish  beneath.  Pro- 
thorax  as  broad  as  the  head,  nearly  square,  the  anterior  angles  sharp,  the 
posterior  rounded,  dull-brown  ;  a  very  fine  median  yellow  line  only  indi- 
cated, and  on  eacb  side  some  curved  elevated  marks.  Abdomen  pale 
beneath ;  sette  (partly  broken)  shorter  than  the  abdomen,  dark-brown, 
dull-yellow  at  the  bases,  stout,  the  five  basal  joints  very  short.  Feet 
brown,  i)ale  beneath ;  wings  smoky,  hyaline  ;  veins  strong,  dark-brown : 
areolation  square.  The  vulvar  lamina  as  broad  as  the  segment,  rounded 
in  front,  the  middle  more  produced,  as  long  as  the  segment,  notched  on 
the  tii)S,  black  ;  on  each  side  at  the  base  is  a  small  triangular  tubercle. 

Length  to  tip  of  the  wings,  19  millimeters;  alar  expansion,  33  millime- 
ters. 

Habitat. — Truckee,  Sierra  Nevada;  Nevada,  June  10  (Crotch).  I 
have  seen  only  two  specimens. 

Ft,  badia,  sp.  nov. 

Pale-brown ;  head  dull-yellowish,  with  a  large  square  black  spot 
around  the  ocelli ;  antenna)  brown,  paler  beneath.  Prothorax  sciuare, 
the  anterior  margin  rather  rounded,  the  angles  right,  pale-brown,  with 
darker  shading  on  each  on  the  elevated  marks.  Abdomen  i>ide  above, 
darker  in  the  middle,  pale-brown  beneath ;  the  apical  margin  of  the 
l>euultimate  ventral  segment  largely  excised ;  the  dark-brown  middle 
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part  of  the  segment  somewhat  produced,  without  reaching  the  last  seg- 
ment; setse  pale-brown;  feet  darker  brown;  wings  yellowish  hyaline, 
with  a  dull-yellow  stigma  ;  veins  brown. 

Length,  17-19  millimeters:  alar  expansion  31-33  millimeters. 

Habitat, — Bridger  Basin,  Wyoming  (Garman) ;  Cache  Valley,  Utah 
(C.  Thomas) ;  Colorado  Mountains,  xVngust  (W.  L.  Carpenter). 

I  saw  only  three  females,  in  a  veiy  bad  condition,  in  alcohoL  The 
two  species  above  described  are  the  dwarfs  of  this  genus;  the  smallest 
species  known,  PL  proteus^  having  twice  the  length  of  Pt.  regularis  and 
Pt,  hadia.  The  gills  arc  well  visible  in  the  alcoholic  specimens  of  Pt, 
hadia^  2G  pairs  in  number,  to  wit,  G  between  the  head  and  the  pix)- 
Ihorax ;  6  between  the  prothorax  and  mesothorax  ;  6  between  the  meso- 
thorax  and  metathorax ;  2  between  the  posterior  feet ;  and  6  on  the  basal 
segments  of  the  abdomen.  The  maxillary  palpi  are  longer  than  the 
mouth,  the  basal  joint  short,  the  other  long,  equal,  thicker  at  the  tip; 
the  labial  palpi  are  similar.  The  palpi  show  a  similar  formation  as  the 
apical  joint  in  the  phryganideous  genus  Ilydropsyche,  Tbe  external 
membrane  is  cut  or  split  in  a  somewhat  spiral  manner,  so  as  to  give  to 
every  joint  the  appearance  of  a  large  number  of  small  joints  imper- 
fectly soldered  together.  This  formation  of  the  palpi  belongs  to  all  the 
species  of  Pteronarcysj  and  is  exceptional  for  this  genus  only  in  the 
whole  family  of  Perluut, 

These  two  small  s[>ecies  agree  in  all  characters  with  the  larger  species, 
at  least  so  far  as  the  females  are  concerned,  as  the  males  are  still  un- 
known. The  wings  are  divided  into  quadrangular  cells,  perhaps  a  little 
more  regular  than  in  the  larger  species.  The  venation  of  Pteronarcys 
seems  to  resemble  the  most  the  remarkable  fossil  genus  Miamia. 

ACRONEURIA. 

A,  ahnormis. 

Peria  abnormiSy  Hagen,  Syiiop.,  17,  L 

Tbis  species  api>ears  to  vary  in  a  very  high  degree.  The  late  B. 
Walsh,  after  repeated  observations  of  living  specimens,  confirmed  varia- 
tion in  size  and  color,  in  the  reticulation  of  the  wings  and  in  the  number 
of  the  quadrangular  areoles,  which  are  sometimes  nearly  or  altogether 
wanting;  the  shape  of  the  prothorax  and  the  vulvar  lamina  of  the 
female,  commonly  of  a  constant  shape  in  this  family,  offer  also  slight 
variations  in  this  species. 

The  male  has  usually  long  and  well-developed  wings  ;  however,  two 
short-winged  males  now  before  me  seem  to  belong  to  this  species.  The 
material  in  my  collection  of  dry  and  alcoholic  specimens,  though  rich  in 
specimens  from  different  localities,  seems  to  be  not  yet  sufficient  to 
decide  the  question  whether  we  have  here  several  very  closely-related 
species  or  simply  varieties  of  A.  ahnonnis. 

Two  females  from  South  Montana  and  a  male  from  Snake  River, 
Southeastern  Idaho,  collected  by  Prof.  C.  Thomas,  differ  as  follows : 
The  colors  are  darker,  the  abdomen  yellow  beneath,  on  each  side  dark- 
brown.  The  male,  in  worse  condition  than  the  females,  is  a  short-winged 
one ;  the  shape  of  the  prothorax  somewhat  different,  perhaps  only  altered 
by  the  bad  preservation.  The  vulvar  lamina  of  the  two  females  is  more 
produced  than  usual,  covering  one-half  of  the  following  segment ;  the 
apical  margin  is  nearly  semicircular,  notched  very  little  in  one  female, 
and  not  at  all  in  the  other. 

A  cast  nympha-skin  from  Eagle  River,  Colorado,  August  30,  collected 
by  Mr.  Carpenter,  belongs  to  a  very  large  specTes.  Length,  33  milli- 
meters; seta^,  2G  millimeters.    There  is  nothing  known  concerning  the 
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previous  stages  of  tbe  North  American  Perlina  /  even  the  diflferent  larvae 
and  skins  in  my  collection  are  not  yet  thoroughly  studied.  After  a 
closer  comparison  with  a  nympha-skin  of  A,  abnormis^  communicated 
by  B.  Walsh,  I  believe  that  the  nympha-skin  from  the  Eagle  River 
belongs  to  the  same  genus,  but  certainly  to  a  different  species.  It  is 
not  so  much  spotted  5  the  apical  half  of  the  wing-cases  is  pale,  without 
the  black  baud,  so  conspicuous  in  A.  abnormis  ;  the  abdomen  is  dark- 
brown  above,  without  the  regular  paler  marks  of  A.  abnormis;  the 
basis  of  the  blackish  setse  is  pale  instead  of  the  throughout  dark  color 
of  the  setae  of  A.  abnormis.  Even  the  size  of  the  skin  seems  too  large 
for  the  known  American  Perlids,  except  for  some  very  large  specimens 
of  A.  abnormis^  collected  at  the  Saskatchewan  River. 

Habitat, — Assuming  the  above-described  specimens  to  belong  to  A, 
abnortnis,  this  species  would  have  a  very  wide  distribution.  The  noi  th- 
ern  limits  known  are  the  Saskatchewan  and  Peel  Biver  and  Canada ; 
the  southern  limits,  Georgia,  and  perhaps  Mexico ;  it  is  known  from  all 
Eastern  States  on  the  Atlantic,  and  from  many  States  between  the 
Atlantic  and  the  Bocky  Mountains. 

DIfJTYOPTERYX. 

D.  aignatay  sp.  nov. 

Yellowish-brown,  pale  beneath  ;  labrum  pale-brown ;  head  flat,  with 
two  irregular  brown  stripes,  connected  transversely  before  the  eyes  in  a 
manner  to  form  an  anterior  large  yellow  spot,  trilobate  behind ;  space 
between  the  stripes  with  an  anterior  rounded  spot,  connected  with  a 
smaller  triangular  one  on  the  hind  border ;  a  large  yellow  spot  on  each 
side  near  the  eyes.  Antennae  pale-brown ;  first  joint  blackish-brown 
above;  second  and  third  pale;  palpi  pale.  Prothorax  as  broad  as  the 
head,  nearly  square ;  brown,  with  a  large  yellow  median  band  some- 
what dilated  at  the  ends;  on  each  side  three  carved  marks,  formed  by 
rather  irregular  black  polished  scars;  lateral  margin  straight,  dark. 
Abdomen  dark-brown  above,  pale-yellowish  beneath;  whitish  around 
the  base  of  the  feet ;  segments  darker  at  the  base.  Feet  pale-brown, 
femora  with  an  external  vitta  and  a  ring  before  the  knee ;  base  of  the 
tibiae  and  tip  of  the  tarsi  dark-fuscous.  Set«B  pale  brown,  darkest  at 
the  tip  of  the  joints.  Wings  with  a  grayish-yellow  tinge,  darker  on  the 
costal  margin;  veins  brown,  darker,  and  very  irregular  on  the  tip  of  the 
wing,  five  or  four,  or  even  less,  antecubitals ;  wings  of  the  male  as  long 
as  the  abdomen,  or  one-third  or  more  shorter ;  the  apical  areolets  very 
irregular. 

Male, — The  last  dorsal  segment  yellow ;  the  apical  margin  recurvate, 
transversely  cariniform,  thickeneil,  emarginat«  in  the  middle,  scabrous, 
and  rather  villous  exteriorly;  appendages  yellow;  the  superiors  are 
small  recurved  lobes;  between  them  the  larger  inferiors,  darker  on  the 
triangular  tip,  v^hich  is  sharp  and  a  little  emarginate  beneath,  just 
before  the  tip ;  an  ovoid  membrane  between  the  inferiors  belongs  per- 
haps to  the  penis;  last  ventral  segment  produced  between  the  setae 
with  an  elliptical  margin. 

Female. — Last  dorsal  segment  obtusely  produced  in  the  middle  of  the 
apical  margin,  with  a  median  longitudinal  impression;  vulvar  lamina 
large,  rather  inflated  on  the  antepenultimate  segment,  forming  two  free 
circular  lobes,  very  near  together,  beneath  the  penultimate  segment. 

Length  with  the  wings,  (f ,  13-17  millimeters;  9,  18-21  millimeters. 
Alar  expansion,  S ,  16-26  millimeters ;  9 ,  30-40  millimeters.  Length 
of  the  setae,  11  millimelers. 
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Hahifat — Footliills,  Colorado,  September,  and  monntains   on   the 
Pacific  slope,  August  10  to  September  0.    Several  specimeus  in  alcohol. 

This  geuus  is  new  for  tbe.  Aiuerican  fauna ;  all  species  known  belong 
to  Europe  and  Siberia.  Tbis  new  species  is  far  more  interesting^  as  an 
exception,  bearing  gills  in  the  imago-state.  There  are  on  the  ventral 
side  five  pairs  of  gills,  formed  by  white,  fleshy,  blind  sacs;  two  pairs  on 
the  under  side  of  the  head ;  the  first  pair  widely  sepanited  on  the  basal 
part  of  the  submentum  ;  the  second  pair  in  the  articulation  with  the 
prothorax ;  both  pairs  straight,  placed  transversely,  looking  outward. 
The  three  other  pairs  on  the  thomx,  always  before  the  feet,  but  sepa- 
rated from  them,  being  placed  just  in  the  articulation  of  the  segments; 
the  three  thoracic  pairs  are  incurved. 

The  occurrence  of  gills  in  the  imago-state  of  2>.  aignatu  is  the  more 
exceptional,  as  all  the  hitherto-known  species  are  without  them.     At. 
least,  a  close  examination  of  dry  specimens  of  all  the  species  in  my  col- 
lection (only  one  of  Siberia  is  unknown  to  me)  did  not  disclose  anything 
similar  to  tiie  gills  in  D,  signata  ;  Dr.  Gerstaecker,  in  a  recently-pub- 
lished paper,  also  states  the  absence  of  gills  in  living  specimens  of  i>, 
intricata  and  iK  alpina.    Formerly,  the  genus  Pieronarci/H  was  the  only 
known  exception  for  its  gill-bearing  imagos  among  the  chiss  of  insects ; 
now,  besides  the  above-described  Dwiyopteryx^  there  are  two  other  gill- 
beiiring  Terlid  genera  mentioned  by  Dr.  Gerstaecker,  Damphipnoa 
UchenaUs  from  CLili,  a  genus  closely  related  to  PteronarcySj  and  Xemura 
cinerea  and  N.  nitida^  with  its  male  JV.  lateraliHy  both  from  Europe. 

The  i)apers  by  Dr.  Gerstaecker  are  published  in  the  Festschrift  zum 


ISOGENUS. 

I,  elongalnSj  sp.  nov. 

FeinaU. — Brown ;  head  with  a  posterior,  triangular,  yellow  spot, 
extended  on  each  side  of  the  occiput ;  two  small,  ill-defined,Vellow  spot8 
near  the  antennai  and  eyes;  antemue  brown.  Prothorax  as  broad  as 
the  head,  (piadrangular ;  the  angles  sharp,  with  a  large,  yellow,  median 
band,  narrower  before.  Abdomen  and  feet  brown ;  setie  brown  ;  base 
of  the  joints  paler.  Wings  long,  hyaline ;  veins  brown,  with  a  pale- 
yellow  tinge  around  the  costal  apical  veins ;  costa  pale  ;  submedian 
areolet  larger  toward  the  tip,  with  seven  transversal  veins ;  the  ante- 
rior vein  of  the  submedian  areolet  somewhat  curved.  Vulvar  lamina 
large,  the  base  separated  from  the  segment  by  a  deep  furrow  in  form  of 
a  transversely-enlarged  W  ;  apical  margin  nearly  straight,  covering 
only  a  little  of  the  following  segment ;  the  lateral  angles  rounded ;  a 
small  notch  in  the  middle. 

Length,  with  the  wings,  24-28  millimeters.  Alar  expansion,  40-44 
millimeters. 

Habitat — Foot-hills,  Colorado  (Mr.  Carpenter) ;  Ogden,  Utah  (by  C. 
Thomas).  Alcoholic  specimens.  /.  elongatus  is  very  similar  to  I./ron- 
talis,  but  in  this  species  the  anterior  vein  of  the  submedian  areolet 
28  straight,  and  the  anterior  margin  of  the  vulvar  lamina  rather  incurved. 

J.  coluhrinusj  sp.  nov. 

Brown ;  head  with  a  posterior,  triangular,  yellow  spot;  part  before  the 
ocelli  yellowish ;  antennai  blackish-brown  5  prothorax  rather  smaller 
than  the  head,  quadrangular ;  angles  sharp,  with  a  yellowish  median 
band,  a  little  narrower  before ;  abdomen  and  setCB  dark-brown ;  feet  pale- 
brown,  tips  of  the  femora  and  tibiai  darker.     Wings  hyaline;   veins 
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p!\le-brown ;  costa,  and  its  transverse  veins,  pale ;  submedian  areolet  less 
enlarged  on  the  tip ;  the  anterior  vein  less  incurved ;  vulvar  lamina  simi- 
lar to  J.  elongaiuSj  but  larger,  subbilobed,  the  notch  reaching  nearly  to 
the  basal  furrow,  and  the  apical  margin  nearly  circular. 

Leugtb,  with  the  wings,  22  millimeters ;  alar  expansion,  38  millimeters. 

Habitat — Snake  River,  Idaho  (C.  Thomas).  I  believe  that  some  speci- 
mens from  the  Saskat<jhewan  Eiver,  from  the  Slavo  and  Winnepeg  Lakes, 
all  in  my  collection,  belong  here.  The  males  are  a  little  smaller,  but 
long-winged.  The  comparison  of  dry  and  alcoholic  specimens  is  so 
difficult  that  it  seems  more  prudent  to  consider  the  identity  of  the  speci-  • 
mens  as  still  doubtful. 

PERLA. 

P.  sobria,  sp.  nov. 

Female, — Head  dull-brown  near  the  prothorax;  the  anterior  part 
pitchy-black ;  three  large  yellow  spots  between  the  eyes,  each  side  one 
near  the  border,  and  a  middle  rhomboidal  one ;  three  smaller  spots  on 
the  clypeus  between  the  antennae,  each  side,  a  pale,  whitish  one  near 
the  border,  and  a  middle  qua<lrangular,  yellow  one  just  betbre  the  ante- 
rior ocellus,  bordered  on  each  side  by  a  shining-black  stripe;  antennsB 
black,  brownish  beneath  at  the  base.  Prothorax  as  broad  as  the  head, 
quadrangular,  broader  than  long;  hind  angles  less  sharp,  pale-yellow 
on  eaeh  side,  with  a  large,  ill  defined  rngulose  band ;  a  line,  impressed, 
median  line  with  a  spot  in  the  middle,  and  a  fine,  transversal  line  just 
before  the  anterior  and  one  before  the  posterior  margin,  all  black.  Me- 
sothorax  and  metathorax  shining-black  above ;  abdomen  brown  on  the 
under  side,  paler  at  tip ;  head  and  thorax  brown  beneath,  with  a  large, 
black  spot  on  each  side  before  the  second  and  third  pairs  of  feet ;  setae 
pale-yellowish.  Feet  dark-brown ;  wings  hyaline,  scarcely  fumose;  veins 
strong,  blackish-brown,  finer  in  the  costal  space ;  vulvar  lamina  large, 
bifid,  the  outer  edge  of  the  two  lobes  rounded ;  before  them  a  small 
tubercle. 

Length,  with  the  wings,  14  millimeters;  alar  expansion,  2G  millime- 
ters. 

Habitat — Colorado  Mountains,  Pacific  slope,  August  (Mr.  Carpenter). 
One  female,  in  j)Oor  condition. 

P.  cbria,  sp.  nov. 

Female. — The  single  specimen,  in  bad  condition,  is  very  similar  to  P. 
sobria  in  colors  and  in  shape.  The  genital  parts  are  well  preserved  and 
the  vulvar  lamina  is  entirely  different,  a  long  oval  lobe  without  any' 
notching  of  the  apex.  So  far  as  known,  this  important  part  never  varies., 
in  such  a  manner,  and  it  would  be  impossible  to  unite  both  specimens 
in  one  species,  notwithstanding  their  great  resemblance. 

Habitat — The  same  locality  as  P.  sobria. 

P. (?),sp. 

There  is  a  third  species  from  the  same  locality  in  worse  condition  still. 
It  is  a  little  smaller,  the  head  and  the  prothorax  somewhat  different.  As 
the  abdomen  is  wanting,  I  iirefer  merely  to  indicate  the  occurrence  of  a 
third  undescribed  species. 

CHLOROPERLA. 

A  small  ChlorapiTla^  of  the  size  of  C.  cydippej  from  the  foot-hills  of 
Colorado,  belongs  to  a  new  species,  but  is  too  much  damaged  to  be 
described. 

37  G  s 
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Familv  EPHEMERINA. 

EPHEMERA. 

£.  compavj  sp.  nov. 

Male  imago. — Light-brown :  head  blackiah-browu ;  anteDnse  pale-yellow; 
a  broad,  pale-brown,  dorsal  band  on  the  thorax :  each  side  of  the  protlio- 
Tiw  blackish ;  abdomen  above  on  each  side  with  two,  black,  lougitodinal 
lines  and  two  more  in  the  middle  of  segments  6  to  9;  last  segmeut  with 
two  large,  ill-deiined,  black  spots ;  abdomen  beneath  on  each  side  with 
one  black,  longitudinal  jiiue ;  penultimate  segment  with  a  large,  quad- 
rangular, black  spot;  setae  very  long,  pale-brown,  the  articulations 
hardly  darker;  appendices  pale  brown,  loug,  arcuated  on  the  tip;  the 
two  apical  joints  short,  the  last  shorter;  feet  pale-brown;  the  anterior 
])air  very  long,  black ;  the  femora  brown ;  fore-wings  hyaline,  with  a 
yellowish  tinge ;  veins  dark-brown ;  the  apical  half  of  the  two  costal 
spaces  dark-brown,  and  the  basal  half  of  the  second  costal  space  rather 
fumose ;  a  series  of  four  small,  black  spots  in  the  middle  of  the  wing 
near  to  the  costa,  another  spot  near  the  base  of  the  wing,  and  one  near 
the  tip ;  hind-wings  of  the  same  color,  with  a  Large  apical  brownish 
baud  ;  some  of  the  veins  in  the  middle  of  the  wing  finely  clouded  with 
black. 

Length  of  the  body,  15  millimeters;  alar  expansion,  32  millimeters; 
length  of  the  seta>,  30  millimeters. 

Mabitat — Foothills,  Colorado  (Mr.  Carpenter). 

This  species  is  very  similar  to  JB.  lutea^  Burm.  {E.  Uneataj  Eat.) ;  as  I 
have  seen  only  one  male,  1  believe  it  to  be  more  prudent  not  to  identify 
the  American  with  the  European  species,  the  more  so  as  some  difter- 
ences,  though  not  important  ones,  are  to  be  found.  IJ.  lutea  has  the 
third  and  fourth  joints  of  the  appendices  of  eqiuil  Iftigth,  and  together 
two-thirds  the  length  of  the  second  joint.  E.  coinpar  has  the  fourth  joint 
fehorter  than  the  third,  and  both  together  one-third  the  length  of  the  sec- 
ond joint.  But  as  the  only  male  of  E.  compar  is  dry,  and  a«  the  measures 
lor  E,  lutea  are  taken  from  living  specimens,  the  differences  may  not  l>e 
certain.  The  discovery  of  E,  compar  fillt?  a  gaj)  in  the  fauna  of  North 
America.  There  are  four  speeies  of  European  Ephtmeros  nearly  related 
to  each  other.  Till  now  only  three  si)ecies  were  known  in  the  North 
American  fauna  representing  three  of  the  European  species,  and  the  dis- 
covery of  E,  compar  imitating  the  fourth  European  species  makes  the 
parallelism  of  the  Ephemerid  fauna  of  both  countries  complete. 

A«  the  other  chree  American  species  were  formerly  not  well  described, 
even  some  of  them  erroneously  identified,  I  believe  it  is  worth  while  to 
give  here  a  more  detailed  descrii)tion  of  them.  It  is  presumed  that  at 
leavSt  two  of  them  will  be  discovered  within  the  area  of  country  embraced 
in  this  paper. 

E,  decora^  Hagen  (Synop.,  38, 1). 

Male  imago. — Luteous  ;  head  in  the  middle,  i)rothorax  on  each  side, 
dark -brown ;  antennae  pale;  abdomen  above  with  four  large,  beneath 
with  two  narrow,  black  lines;  setaipale,  the  articulations  fine,  brownish  ; 
appendages  pale,  the  two  last  joints  nearly-  equal  in  length,  taken 
together  about  half  of  the  second  joint  in  length ;  anterior  feet  yellow ; 
femora  brown,  darker  at  the  tip  ;  tibia*  at  base  and  tip,  tarsal  joints  at 
tip,  blackish ;  the  other  feet  pale ;  fore-wings  hyaline,  with  a  faint  yel- 
lowish tinge,  light-bn>wn  on  the  two  costal  spaces ;  transversal  veins 
brown,  faintly  clouded  near  the  costal  margin  and  in  the  middle  of  the 
wing  ;  some  larger  brown  spots  in  the  middle  near  to  the  costa,  and  one 
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smaller  near  to  tbe  base ;  bind- wings  hyaline.  This  male  had  appar- 
ently recently  cast  the  skin,  and  is  identical  with  the  fragment  of  the 
type  described  in  tbe  synopsis.  The  type  of  B.  Walsh  in  my  collection 
is  smaller  (alar  expansion,  23  millimeters),  darker  in  color,  but  otherwise 
not  different;  the  hind- wings  have  some  transversal  veins  clouded,  and  a 
few  blockish  spots.  A  male  from  British  America  has  the  size  of  the 
male  above  described,  but  the  colors  of  the  specimen  from  B.  Walsh. 

Female  imago, — Luteous ;  a  darker  line  on  each  side  of  the  prothorax  ; 
abdomen  above  with  two  larger  triangular  black  spots  on  each  segment, 
beneath  with  two  longitudinal  black  lines;  setje  pale;  feet  luteous; 
femora  of  the  anterior  feet  brownish,  tip  of  the  joints  brown  ;  wings  simi- 
lar to  tbe  male,  bat  the  costal  margin  nearly  hyaline,  the  spots  smaller; 
some  few  spots  on  the  hind-wings.  A  second  female  from  British 
America  is  sirailai*  to  the  first. 

SvbimagOy  male  and  female. — Grayishluteous ;  setae  pilose;  wings 
dusky ;  spots  the  same  as  in  tbe  imago,  none  on  the  bind- wings ;  costal 
space  a  little  darker. 

Imago:  length  of  the  body,  <J,  10  millimeters;  9 ,  11  millimeters ; 
alar  expansion,  8  ,  23-27  millimeters ;  9 ,  30  millimeters ;  length  of  the 
seta,  cJ ,  30  millimeters. 

Sabimago :  length  of  the  body,  13  millimeters ;  alar  expansion,  30 
millimeters ;  seta,  9  ,  15  millimeters. 

Habits. — New  Haven,  Conn.,  ^;  Norway,  Me.,  (J,9;  Rock  Island, 
111.,  cJ;  Chicago,  111.,  9;  Virginia,  ^;  British  America,  (f,  9,  imago 
and  subimago. 

Tbe  wings  of  the  two  males  from  Virginia  have  darker  spots,  but  prob- 
ably belong  to  tliis  species.  E,  compar  is  nearly  related  to  E,  decora^ 
bat  is  a  little  larger,  brighter-brown,  tbe  anterior  feet  black,  with  tbe 
femora  brown,  the  seta  without  blackish  rings  on  the  joints,  tbe 
appendages  visibly  longer,  the  wings  more  yellowish,  the  costal  margin 
brown,  the  spots  smaller,  the  hind-wings  with  a  larger  apical  brownish 
band. 

This  species  is  the  E.  decora  of  my  synopsis,  and  according  to  tbe 
notes  made  by  me  in  1837,  in  the  British  Museum,  also  Walker's  E. 
decora^  I  do  not  find  the  antenna  blackish  ;  in  the  type-specimen  of  my 
synopsis,  the  autennte  are  now  wanting.  I  have  no  doubt  about  the 
rights  of  this  species,  which  imitates  well  the  European  E.  glaucops. 
The  type  of  Mr.  Walsh  is  tbe  smallest  specimen  known,  but,  according 
to  bis  paper,  another  male  from  the  same  locality  was  larger  (alar 
expansion,  25  millimetei*s),  qearly  as  large  as  the  specimens  above 
described. 

E.  guttulata^  Pictet,  Ephem.,  135,  4,  PI.  8,  Fig.  4.    Male  Imago. 

Svx.— i?.,  8p.  nov.,  Hagcn,  Proc.  Ent.  Soc.  Pbilad.,  18G3, 177.— Trans.  Ent.  Soc. 
Londou,  1873, 393. — Eaton,  Monogr.,  71  (var.  of  E,  myop«). 

Female  imago, — Head  and  thorax  luteous ;  a  brown  band  each  side  on 
the  prothorax,  some  darker  spots  on  the  thorax  ;  abdomen  pale-yellow, 
last  segment  brownish  on  tbe  sides ;  setcTe  pale-yellow,  faintly  pilose,  the 
articulations  aunulated  with  black ;  anterior  feet  yellow ;  femora,  base, 
and  tip  of  tibife,  tip  of  tarsal  jointJS,  brown,  the  other  feet  yellow ;  fore- 
wings  hyaline,  fumose  on  the  costal  and  apical  margin ;  transversal  veins 
except  on  tbe  third  part  of  tbe  hind  border  strongly  clouded  with  black ; 
a  larger  conQuent  elongated  black  spot  in  the  middle  of  the  wing;  hind- 
wings  on  the  apical  margin  famose,  the  transversals  on  the  costal  mar- 
gin, and  some  apicals  strongly  clouded  with  black ;  a  larger  confluent 
black  spot  in  tbe  middle,  and  a  smull  one  near  the  base. 
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LoiiKth,  19  millimeters;  alar  expansion,  42  millimeters;  set®  (broken), 
about  12  millimeters. 

Habitat — New  York,  by  Osten  Sacken. 

This  is  tbe  female  Uph,  sp.  uov.,  quoted  in  Proceed.  Ent.  Soc.  Philad., 
18G3,  177,  as  resembling  E.  Danica  of  Europe,  and  by  Mr.  Eaton  in  his 
^Monograph  71  as  a  probable  variety  of  E.  myops^  a  statement  refuted  by 
me  in  Trans.  Ent.  JSoc.  Lond.,  1873,  393. 

I  am  now  convinced  that  this  female  belongs  to  E.  guttulata,  Pict.  Tbe 
long  anterior  feet  prove  Pictet's  specimen  to  bo  a  male  imago ;  the 
other  feet  and  the  abdomen  are  wanting.  The  colors  and  the  pattern 
described  by  Pictet  agree  well,  except  the  anal  part  of  the  fore-wings, 
nearly  hyaline  in  the  (lescribed  females,  faintly  spotted  in  Pictet's  tyi>e. 
The  bright-yellow  anterior  feet  in  Pictet's  description  and  figure  (the 
number  of  joints  is  erroneous)  represent  ver^'  well  this  species,  and  are 
not  to  be  seen  in  any  other  species.  Pictet  gives  no  dimensions,  but  the 
figure  is  without  doubt  of  natural  size,  the  alar  expansion  3G  millimeters. 
The  locality  of  the  type  is  not  known  ;  it  was  presented  by  Mr.  Conlon, 
and  may  be,  as  many  other  species,  communicated  by  this  naturalist  from 
the  Western  Hemisphere.  In  my  Synopsis  38, 1  supposed  E.  guttulata  to 
belong  probably  to  E.  nataia^  and  Mr.  Eaton,  Monogr.  69,  gives  both 
species  as  synonymous.  The  type  was  not  in  Pictet's  collection ;  at  least, 
it  is  not  among  the  species  seen  by  Mr.  Eaton  in  the  collection 
(Monogr.,  p.  11). 

The  resemblance  to  E,  Danica  consists  in  the  yellow-colored  abdomen. 
Tlie  wings  of  E.  guttulata  are  more  spotted,  the  abdomen  less  so  or  not  at 
all.  The  colors  of  the  abdomen  feet,  setae,  and  wings  are  very  different 
from  those  in  E.  natala, 

E.  n  a  lata, 

8yn'. — Palingeuia  naiaia^  Walk.,  Cat.,  551,  13,  feiu.  subim. 
K.  siiHuIanSy  Walk.,  Cat.,  o^iO,  5,  male  subim. 
E.  natataj  llagen,  8yn.,  39,  4. 
A'.  Himnlana,  Ilageu,  Syii.,  IW,  2. 
E,  guttulata^  Eatou,  Monogr.,  partim. 

Male  imago, — Dark-brown ;  i)rothorax  each  side  with  a  black  band ; 
abdomen  brown,  above  with  large, serrated,  black  spots;  seta5  pale-brown ; 
articulations  of  the  basal  joints  faintly  marked  with  darker  rings  (partly* 
broken);  {interior  feet  brown;  tip  of  joints  darker;  femora  blackish; 
the  other  feet  paler  brown ;  appendages  pale-brown,  joint  2(1  and  3d  darker 
on  tip ;  2d  joint  arcuated,  not  twice  as  long  as  3dand  4th  together;  4th  half 
the  length  of  3d;  wings  hyaline;  costal  margin  rather  smoky;  roost 
of  the  transversal  veins,  except  in  the  hind  part  of  the  wing,  clouded 
with  black ;  several  larger  quadrangular  black  spots  in  the  middle  of 
the  wing  and  near  to  the  base ;  hind-wings  with  the  apical  margin 
smoky ;  many  transversal  veins  clouded  with  black,  and  several  small 
spots  blackish. 

Female  imago, — Similar  to  the  male;  thorax  brighter  brown;  wings 
hyaline  on  the  costal  margin,  except  on  the  base,  not  so  strongly  cloaded 
with  black. 

Mah  and  female  suhimago, — Colors  more  dull ;  wings  grayish;  anten- 
naj  black ;  setie  dark-grayish. 

Length,  ^ ,  13  millimeters ;  9,15  millimeters;  alar  expansion,  (J,32 
millimeters;    9,40  millimeters;  seta^  9 ,  15  millimeters. 

Halitat, — Saskatchewan  lUver,  British  America,  by  K.  Kennicott;  a 
large  number,  in  very  bad  condition;  both  sexes  imago  and  subimago, 
Saint  Lawrence  Kiver  and  Saint  Martin's  Ealls,  Iludson-s  Bay,  by  Walk- 
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er;  Chicago,  by  Osten  Sacken  and  Woodwell;  ^Maiue,  in  Harris's  col- 
lection. 

This  is  the  E.  natuta  of  my  synopsis.  The  species  imitates  E.  vulgata^ 
of  Europe,  but  the  wings  are  more  grayish  than  brownish.  It  differs 
from  E.  decora  by  the  larger  size,  the  darker  marked  wings,  the  less 
annulated  set«,-the  relative  length  of  the  joints  of  the  appendages.  At 
least,  there  can  be  no  doubt  about  the  difference  of  my  E,  natata  and  E. 
decora,  brought  together  even  with  E.  guttulata,  as  belonging  to  the 
same  species,  by  Mr.  Eaton. 

It  may  be  interesting  to  publish  here  a  letter  to  the  late  Prof.  L.  Agas- 
siz  by  Mr.  George  E.  Woodwell,  from  the  Tribune  office,  Chicngo,  111.,  July 
23,  186  (?)  (number  not  filled).  The  letter  contained  several  dry  speci- 
mens, imago  and  subimago,  of  J^.  natata: 

I  send  yon  a  nnmber  of  specimens  of  a  fly  which  annually  visits  onr  lake-cities,  and 
which  has  the  present  snuimer  appeared  in  larger  swanus  tlian  ever  known  before. 
Daring  the  recent  hot  nights  they  have  poured  in  from  the  lake  in  myriads,  njiidering 
it  necessary  in  hghted  buildings  to  close  the  windows  and  doors  in  order  to  escajK)  their 
.  visitation.  For  several  nights  past,  they  have  thus  swarmed  upon  us ;  and  .he  morniiijj 
would  witness  about  the  posts  of  the  street-lamps  large  heaps,  in  some  instances  three 
juches  deep,  and  covering  an  area  of  two  or  three  yards  square. 

Couriously  enough,  the  imitating  specie^s  from  Europe,  E.  vulgata, 
swarms  in  a  similar  manner ;  and  Scopoli  tells  us  that  the  farmers  in 
Krain  are  not  contented  unless  they  are  able  every  year  to  bring  a  num- 
ber of  cartloads  as  manure  upon  their  fields. 

HEPTAGENIA. 

JT.  brnnnea,  sp.  nov. 

Male  imago. — Brown,  the  thorax  and  the  body  beneath  paler ;  head 
blackish  ;  prothorax  deeply  notched  behind,  with  an  elongated  blackish 
spot  on  each  side,  and  a  similar  one  on  the  mesothorax ;  metathorax 
bright-yellow  between  the  wings.  Abdomen  brown,  the  segments  with  a 
darker  ring  on  the  tip ;  seta5  long,  grayish-brown,  darker  at  the  base, 
the  articulations  scarcely  darker;  appendages  long,  cylindrical,  darker: 
brown,  four  jointed ;  first  joint  very  small ;  second  somewhat  lonj^er 
than  the  apicals  together,  which  are  of  equal  length ;  piece  between 
the  appendages  notched ;  penis  long,  bifid,  divergent.  Femur  paler  on 
the  tip  ]  the  other  legs  pale-brown  ;  femora  with  a  darker  external  line ; 
tarsi  dark.  Wings  hyaline  ]  veins  brown ;  some  transversal  veins  on  the 
costal  margin  pale. 

Female  imago. — Similar  to  the  male.  Abdomen  pale,  on  the  npper 
portion  of  each  side  a  seriesof  triangular  black  spots  and  a  longitudinal 
between  them  ;  beneath,  on  each  side  a  series  of  black  lines  5  setai  pale, 
articulations  black  ;  egg- valve  broad-elliptical ;  legs  similar,  the  four 
posterior  with  the  tarsi  pale ;  femora  darker,  pale  at  the  base  and  tip ; 
wings  similar,  the  transversal  veins  in  the  costa-l  space  pale,  very  fine,  not 
Teaching  the  costa. 

Length,  ^,10  millimeters;  9,  12  millimeters;  alar  expansion,  <J, 
30  millimeters ;    9  ,  34  millimeters. 

Habitat — One  pair  from  Nevada,  Truckee,  in  Sierra  Nevada  range, 
June  10  (J.  K.  Crotch). 

H.  pudica. 

Syn. — Ephemera  pudica,  Hagen,  Synop.,  39,  5. 

Female  subimago  (dry,  just  casting  the  skin). — Grayish-brown  ;  head 
large,  triangular,  flattened,  hiteous;  eyes  distant,  black  ;  posterior  ocelli 
large,  the  anterior  small;  antenme  short,  stout,  brownish,  paler  at  the 
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base ;  the  hind  border  of  the  occiput  straight.  Prothorax  sbort,  hind* 
uiar<;in  deeply  notched,  nearly  bilobed,  pale,  shining;  thorax  thick,  pale, 
shining  on  the  middle  denuded  parts.  Abdomen  stout,  dull-yellowish 
above,  with  black  oblique  spots  on  each  side  of  the  segments,  and  some 
liner  lines  on  the  ventral  si<ie.  The  described  parts,  except  the  anten- 
nae, are  out  of  the  nymph-skin  belonging  to  the  imago.  Abdomen  of 
the  subiniago  ])ale,  last  dorsal  segment  with  a  small  median  projection ; 
setie  strong,  faintly  pilose,  long,  grayish-brown ;  a  large  mass  of  eggs 
.is  protruded,  but  the  parts  are  not  in  good  condition  ;  feet  pale,  grayish- 
brown,  well  developed,  tarsi  five-jointed ;  anterior  wings  large,  opaque, 
pale  yellowish-gray 5  the  longitudinal  veins  yellowish,  the  transversals 
brown,  somewhat  fumose ;  hind-wings  more  yellowish,  the  apical  border 
larger,  grayish ;  reticulation  similar  to  Ephemera 

Length,  14  millimeters;  alar  expansion,  42  millimeters;  setie,  about 
30  millimeters. 

Habitat — Washington  (Osten  Sacken);  foot-hills,  Colorado,  Angust 
(Car[)enter).    Both  female  subimagos,  and  both  in  very  i>oor  condition. 

In  the  type  of  the  species,  the  femur,  on  the  ^only  present)  anterior 
foot,  with  a  dark-brown  ring  in  the  middle. 

LEPLOPHLEBIA. 

L.  pallipesj  sp.  nov. 

Female  imaffo. — Brown,  shining ;  head  light-brown ;  antennse  grayish, 
brown  at  the  base;  around  the  ocelli  black;  prothorax  notched  behind; 
mesothorax  black,  shining  above;  abdomen  dark  brown,  segments  on 
ti[)  with  a  darker  ring;  setic  broken;  vulvar  lamina  long,  broad,  bifid, 
the  lobes  elliptical;  legs  thin,  pale-whitish,  the  femora  darker  on  tip; 
wings  hyaline,  transversal  veins  very  fine,  nearly  invisible,  except  a  few 
on  the  tip  of  the  costal  margin. 

Length,  G  millimeters;  alar  expansion,  15  millimeters. 

llabitat. — !Sevada,  Truckee  in  the  Sierra  Nevada  (Crotch). 

Tarsi,  4-jointed;  the  reticulation  and  the  shape  of  the  hind  wing  sim- 
ilar to  the  wing  of  L.  helvipes,  figured  by  Mr.  Eaton  (Monogr.,  PI.  iv,  26,  <L). 

Nymphaskhi  (perhaps  belonging  to  Heptagenia  pudica). — Body  broad, 
flalttened;  head  small,  half  as  long  as  broad,  visibly  enlarged  in  front; 
the  hind  part  inflated  with  a  rounded  tubercle  each  side ;  the  front  bor- 
der cut  off  straight ;  the  sides  oblique;  the  front  angles  rounded;  the 
whole  border  fringed  with  wooly  hairs.  Antennie  short  (not  complete), 
a  little  longer  than  the  front  bonier;  two  stronger  basal  joints,  second 
longer;  and  a  conical  seta,  the  joints  of  which  could  not  be  ascertained. 
The  head  (for  the  escape  of  the  imago)  split  transversely  behind  the 
antennae,  <and  the  occiput  in  the  middle;  the  part  above  the  mouth- 
parts  (viewed  from  the  front)  is  straight,  and  superseded  by  the  de- 
scribed flattened  border,  which  forms  a  triangular  projection  on  each 
side;  labruin  transversely  oblong,  yellow,  blackish  on  each  side  at  the 
base;  mandibles  and  maxillaj  strong,  yellow,  with  blackish  apical  teeth ; 
labium  transversely  elliptical,  four-lobed,  a  2  jointed  large  palpns 
each  side.  Thorax  large,  nearly  twice  the  bi^adth  of  the  head,  i>ale- 
gray,  with  some  brown  spots;  prothorax  flat  above,  short,  larger  be- 
hind, the  angles  sharp;  each  side  near  the  middle  of  the  flattened  bor- 
der an  exserted,  conical,  sharp  spine;  meso-  and  metathorax  rounded 
above,  with  triangular  wing-cases  covering  th<^  basal  segments  of  the 
abdouicn.  The  wing-cases  are  separated  by  the  notched  hind  border  of 
the  metathorax ;  the  cases  of  the  posterior  wings  are  not  visible,  and 
seem  to  be  connected  with  the  anteriors  in  the  manner  of  Ba^tiscu. 
Abdomen  a  little  longer  than  the  other  parts  of  the  body,  broad,  flat- 
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tened;  the  segments,  2  to  9,  produced  on  each  side,  in  a  large  triangular 
process,  bent  behind,  very  sharp  at  the  tip ;  abdomen  pale-gray  on  each 
side,  above  a  series  of  brown  spots,  with  some  in  the  middle  between 
them ;  the  triangular  processes,  on  the  segments  4  to  9,  dark-brown,  with 
a  pule  ring  before  the  extreme  tip,  which  is  again  blackish ;  segments 
4  to  7,  above  esich  side,  with  a  large  flattened  orbicular  gill  inserted  be- 
neath the  hind  border  of  the  segments,  where  the  lateral  process  begins ; 
all  lateral  processes  covered  and  fringed  with  wooly  hairs;  last  segment 
short,  transversely  oblong ;  the  dorsal  apical  border  produced  in  the 
middle ;  the  three  setse  a  little  shorter  than  the  abdomen,  equal,  slender, 
pale ;  the  fourth  joint  with  a  black,  apical  ring ;  on  the  apical  third 
four  segments  black,  also  the  tip;  setae  fringed  with  long  hairs;  feet 
flattened  ;  the  femurs  dilated  in  the  dorsal  middle,  ending  in  a  superior 
spine,  pale  with  three  brownish  bands;  tibiae  black  at  the  base  and  the 
apical  half;  tarsal  joint  blacken  the  basal  half  and  on  the  tip;  the 
single  claw  pointed  black  at  tip.  Genital  parts  of  the  male  on  the  ven- 
tral side  of  the  ninth  segment,  forming  on  tip  a  transversal  lobe,  with  a 
triangular  longer  one  on  each  side,  and  a  little  before  an  elongated  biOd 
lobe ;  the  female  has  the  ninth  segment  produced  in  a  larger  elliptical 
lobe. 

Length,  without  seta^,  15  millimeters;  setse,  7  millimeters;  greatest 
breadth  of  the  abdomen,  5  millimeters. 

Habitat — Colorado,  mountains  an<i  plains,  July  10,  September  19,  Mr. 
Carpenter.    Three  skins  of  the  nj/mpha. 

The  form  of  the  nympha  is  a  very  extraordinary  one;  so  far  as  I  know, 
the  next  related  is  the  nympha  of  Heptageniay  and  considering  the  large 
size  it  would  not  be  improbable  that  this  nympha  belongs  to  E,  pudica. 

Family  ODONATA. 

Subfamily  Libellulina. 

The  genera  Pantala^  Tramea,  and  PlatJiemis  are  not  yet  represented 
in  the  collection  of  the  expedition ;  nevertheless,  it  is  very  probable 
that  some  of  the  widely-spread  species  of  those  genera  occur  in  the 
Territories.  P.  hymenoeuj  T.  lacerata^  and  PL  trimaculata  will,  perhaps, 
be  discovered  there. 

LIBELLULA. 

L.  ^-maoulata^  Hagen,  Synop.  150,  1. 

Habitat — Snake  River,  Idaho,  and  Ogden,  Utah,  collected  in  1871  by 
Mr.  C.  Thomas;  Bridger  Basin,  Wyoming,  by  Mr.  S.  W.  Garman.  This 
species  migrates  in  immense  flocks 'in  the  Saskatchewan  district,  in 
Canada,  in  Wisconsin,  and  around  Lake  Michigan,  just  as  in  Europe 
aud  in  Siberia.  Stowe,  Mass.,  is  the  most  southeastern  limit  for  the 
United  States ;  it  is  very  common  in  Northern  and  Central  Europe  and 
in  Northern  Asia  as  far  as  Kamtchatka. 

L.  noduticta^  Hagen,  Synop.,  151,  3. 

Male  adult — Pruinose,  clothed  with  white  hairs.  Labium  yellow,  with 
a  large  black  band  strongly  coarctate  just  before  the  tip;  labrum 
luteous,  a  blackish  border  on  the  anterior  margin,  not  reaching  the 
sides,  and  some  ill-defined  brownish  spotij  in  the  middle  and  on  the 
basal  margin;  rhinarium  and  epistoma  luteous;  front  brassy,  black 
above  aud  before,  with  a  bright-yellow  spot  on  each  side  near  the  epis- 
toma.   Antennae  black ;  vertex  brassy-black,  inflated,  narrower  at  the 
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tip,  the  angles  not  sharply  pointed,  the  vertex  roup:lily  pnnctnred  in 
front ;  occiput  brown  ;  eyes  black  behind,  clothed  with  white  hairs,  a 
large  yellow  inferior  spot  near  the  margin,  and  a  smaller  quadranpriilar 
one  above  it;  thorax  black,  densely  pruiiiose,  on  ea(jh  side  au  inferior 
yellow  si)ot  after  the  legs,  and  the  indication  of  some  ill-defitied  paler 
spots  above  and  before  them  ;  abdomen  tapering  to  tip,  black,  densely 
pruinose  ;  segments  each  side  on  the  ventral  pail;  with  a  large,  reDiforni, 
somewhat  irregular  or  divided  bright-yellow  spot :  appendages  black, 
the  superiors  as  long  as  the  two  last  segnients,  cylindrical,  thicker  before 
the  outwardly-bent,  pointed  tip,  beneath  with  a  series  of  about  eleven 
small   teeth ;   inferior  appendage  a  little  shorter,   triangular,    broad, 
recurved  ;  genital  parts  in  the  second  segment,  with  the  anterior  lamina 
broa(U  cut  straight,  a  small  notch  in  the  middle  of  the  margin  ;  hooks 
yellow,  cylindrical,  stouter  on  tip,  which  is  excavated,  the  interior  part 
of  the  excavation  forming  a  i>roduced  unguiculated  process;  feet  black; 
wings  hyaline,  with  a  blackish  spot  on  the  nodus,  and  a  larger  blackish 
bancl  from  the  base  to  the  triangle  after  the  subcosta,  somewhat  enlarged 
along  the  anal  border  of  hind  wings  half-way  of  the  whitish  membranula; 
wings  milky- white  around  the  basal  band  and  to  the  nodes;  veins  black, 
the  first  antecubital  yellowish ;  pterostigma  long,  oblong,  bhick  ;  ante- 
cubitals  12  to  14,  postcubitals  9  to  10 ;  transversal  veins  in  triangle,  2 
to  3;  four  discoidal  areolets,  beginning  with  5. 

Malr  teneraL — The  yellow  color  always  brighter  and  more  produced ; 
dorsum  of  the  thorax  brown,  with  an  ill-detined,  broad,  grayish  baud 
each  side ;  on  the  humeral  suture  dark-brown  ;  the  crista  and  sinus 
black  ;  the  sides  of  the  thorax  paler,  with  four  bright-yellow  spots,  two 
inferiors  oval,  bordered  with  dark-brow^n,  and  twH)  superiors  triangular, 
one  between  the  wings,  the  other  near  abdomen  ;  thorax  beneath  pale: 
abdomen  fulvous,  the  sutures  and  margins  black  ;  a  large  black  dorsal 
band,  not  reaching  the  base ;  each  si<le  oval,  yellow  spots  on  the  seg- 
nients ;  the  two  last  segments  black ;  ab<lomen  beneath  fulvous :  the 
sides  and  the  tip  of  the  segments  blackish  ;  feet  black ;  femora  brown 
at  base ;  the  anteriors  brown  beneath  ;  wings  without  the  milky-white 
tinge. 

Female  adult. — Pruinose  and  similar  to  the  adult  male,  combining  in 
some  parts  the  colors  and  pattern  of  the  teneral  male;  labium  yellow, 
with  a  narrow  black  line  on  the  median  lobe  and  the  interior  margin  of 
the  lateial  lobes;  labrum  yellow,  the  middle  i)art  of  the  margin  bmwn- 
ish ;  head  yellow  ;  space  between  the  eyes  black,  the  same  iKilor  pro- 
duced a  little  on  the  front  above  and  on  the  sides;  vertex  brown,  black 
on  the  sides;  eyes  behind  bright-yellow,  two  transversal  bands  and  the 
part  near  the  occiput  bla<!k  ;  the  head  is  exactly  as  in  the  teneral  male, 
excei>t  a  larger  black  band  on  the  labium  ;  dorsum  of  the  thorax  i)rui- 
nose  as  in  the  adult  male ;  the  sides  less  pruinose,  with  the  four  yellow 
spots  well  defined;  abdomen  not  tapering,  the  eighth  segment  enlarged, 
pruino.se,  segments  1  to  9  each  side  above  and  beneath  with  a  large, 
oval-yellow  spot;  appendages  a  little  longer  as  the  last  segment,  black, 
villose,  cylindrical,  tapering  to  the  outward  bent  fine  tip ;  lobe  be- 
tween them  lutrous,  black  at  base ;  vulvar  lamina  exserted,  short, 
notched  in  the  middle,  the  sides  thickened;  eggs  protruded,  small, 
yellowish  ;  feet  black ;  wings  similar  to  the  male,  but  without  the 
milky- white  tinge,  the  black  band  ending  before  the  triangle ;  16  ante- 
cubitals,  11  to  12  postcubitals. 

Female  teneral — Similar  to  the  teneral  male;  head  similar,  black 
band  of  the  labium  broader;  body  not  pruinose;  dorsum  of  the  thorax 
brown,  yellow  spots  on  the  sides  larger,  forming  two  interrupted  oblique 
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bands;  abdomeD  similar  but  not  pruinose;  wings  similar,  basal  bauds 
rudimentary,  covering  only  the  extreme  ba^;  13  antecubitals,  9  post- 
cubitals. 

Length  of  the  body,  <?, 47  millimeters ;  9  ,  46  millimeters;  abdomen, 
<?,  30  millimeters;  ?,  28  millimeters;  alar  expansion,  ^,  80  milli- 
meters ;  $  ,  76-78  millimeters ;  appendages,  (J ,  2 ;  pterostigma,  4  milli- 
meters. 

Habitat — Mexico,  the  colder  region,  by  Mr.  Saussure,  a  teneral  male 
described  in  my  Synopsis ;  an  adult  couple  and  a  teneral  female  from 
Yellowstone,  Hayden's  expedition,  1872. 

L.forensis,  Hagen,  Synop.,  154, 9. 

This  species  was  first  described  after  a  male  from  California  in  the  Ber- 
lin Museum.  Now  1  have -before  me  a  pair  from  the  Yellowstone,  and  a 
number  of  specimens  from  Victoria,  Vancouver  Island.  This  species  is 
similar  to  L.  nodistictaj  but  surely  different. 

In  the  miult  male,  the  head  is  entirely  black  with  the  labrum ;  only 
the  extreme  lateral  border  of  the  labium,  and  an  indication  of  the 
lateral  spot  of  the  front,  yellowish  ;  the  thorax  is  much  more  villous, 
the  fine  hairs  longer  and  more  dense ;  the  dorsum  of  the  thorax  pru- 
inose, but  a  large,  dark-brown  band  covered  with  brown  hairs  on  the 
humeral  suture ;  the  sides  brown  beneath,  two  elongate  yellow  spots  in 
the  middle,  and  the  part  above  them  pale  and  covered  with  long  fur- 
like white  hairs,  interrupted  on  the  second  suture  by  the  brown  color 
expanding  upward ;  abdomen  similar  to  L,  nodiHtictaj  pruinose,  the  yel- 
low  lateral  spots  on  the  dorsum  more  elongated,  visible  to  the  eighth 
segment ;  appendages  similar,  but  the  inferior  more  pointed ;  genital 
parts  similar,  but  the  anterior  lamina  forming  an  ovoid  lobe,  faintly 
notched  on  the  tip ;  feet  black ;  wings  analogous,  but  more  intensely 
colored  ;  the  basal  band  larger,  exceeding  the  triangle ;  a  large  trans- 
versal black  band  beginning  on  the  nodus  and  tapering  to  the  hind 
margin,  indented  in  the  middle ;  the  space  between  the  bands  and  the 
pterostigma  below  the  nodus  largely  milky  white,  but  this  color  not 
reaching  the  apical  or  hind  margin ;  16  antecubitals ;  postcubitals. 

Female  adult — Similar  to  the  male ;  head  paler  in  front,  rhinarium, 
epistoma,  brown  ;  front  above  with  two  large,  quadrangular,  yellow  spots, 
separated  by  the  black  middle  fun-ow  ;  abdomen  pruinose,  similar ;  vul- 
var lamina  larger,  opened  in  the  middle ;  wings  alike,  the  brown  bands 
more  or  less  developed. 

One  younger  female  from  British  Columbia  has  the  thorax  and  abdo- 
men not  pruinose,  dark-brown  ;  the  wings  without  milky-white  tinge. 

Length  of  the  body,  <?,  51-14  millimeters;  $,  48-44  millimeters;  ab- 
domen, <?,  34-28  millimeters ;  9  ,  32-27  millimeters ;  alar  expansion,  ^^ 
32-74  millimeters ;  9 ,  82-72  millimeters ;  appendages,  ^  ,  2 ;  pteros- 
tigma, 4. 

Habitat — California,  Berlin  Museum ;  Victoria,  Vancouver's  Island, 
July,  Mr.  Crotch  ;  British  Columbia,  Mr.  Crotch ;  Yellowstone,  Hayden's 
exi>edition,  1871.    The  latter  ones  have  the  smallest  dimensions. 

h/forcmis  imitates  strongly  L.pitlchella,  a  species  widely  spread  and 
very  common  everywhere  east  of  the  Itocky  Mountains ;  the  dark- 
brown  tinge  of  the  tip  of  all  the  wings  in  L.puMella^  the  smaller  size, 
and  other  differences,  easily  sei)arate  the  two  species. 

A  very  similar  case  of  imitation  is  afforded  by  the  two  known  species 
of  Platliemis,  but  P.  trinamlata  inhabits  only  the  vast  tracts  of  land 
east  of  the  Rocky  Mountains ;  P.  subomata,  west  of  them. 

L.  pulchella,  Hagen,  Synop.,  153,  8. 
Of  this  well-known  species,  one  male  is  in  the  collection  of  the  Hay- 
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den  expeilidoii  of  1871,  taken  at  Ogden,  Utah,  the  only  one  known  to 
have  been  found  west  of  the  Rocky  Mountains.  Tbe  species  is  very  com- 
mon in  all  States  cast  of  the  ^lississippi  aiul  in  Northern  Texas.  The 
southern  limit  seems  to  be  Mississippi  and  Georgia. 

X.  aaUirata.  Ha^en,  Svnop.,  152,  4  {2)arthn) ;   Uhler,  Proc.  Acad.  Xat 
Sci.,  Phila.,  1857,  88,  4. 

Stout,  reddish-yellow,  subvillous;  vertical  vesicle  narrower  at  the  tip, 
the  sides  not  emarginated  ;  abdomen  bread,  narrower  at  the  tip ;  geni- 
tal parts  in  the  second  segment,  with  the  hooks  excavate<l  transversely 
on  the  tip,  both  ends  equally  pointed,  the  interior  end  black.  Body  of 
the  female  brownish  ;  sutures  of  the  abdomen  black :  vulvar  lamina 
widely  emarginated ;  feet  reddish-yellow,  villose ;  wings  of  the  male 
hyaline,  the  anterior  margin  and  the  basal  half  yellowish  rufons  ;  basal 
space  and  triangle  fuscous,  the  second  costal  space  of  the  nodus  sub- 
fuscous  ;  veins  reddish,  the  transversals  in  the  first  and  second  costal 
space  bright-yellow ;  wings  of  the  female  hyaline,  the  costal  margin, 
the  basal  space,  and  the  triangle  colored  as  in  the  male;  pterostigma 
narrow,  long,  fulvous ;  membranula  black  ;  24  antecubitals,  15  po8^ 
cubitals,  5  discoidal  areolets;  3  to  4  veins  in  the  triangle. 

Length  of  the  body,  55  millimeters;  alar  expansion,  00  millimeters; 
pterostigma,  5  millimeters. 

Habitat. — Yellowstone  (Professor  Hayden's  expedition),  males  and 
females;  Arizona,  August  5.  This  species  was  first  described  by  Mr. 
Uhlcr  sifter  a  single  mutilated  individual  from  the  San  Diego  trip  liy  Dr. 
T.  II.  AVebb,  perhaps  not  from  Califoniia.  At  the  time  when  I  published 
my  Synopsis,  I  knew  only  a  male  from  the  Berlin  Museum,  from  Mexico, 
and  a  male  and  female  communicated  by  Mr.  Snussurc,  collected  at 
Tampico  or  Cordova,  Mexico.  Tlu»  latter  pair  belongs,  as  I  now  jH^r- 
ceive,  to  X.  crocelpenni^.  As  bolh  species  are  very  similar,  I  give  the 
differences  of  the  latter. 

L.  croceipenn'iH^J)^  Selys,  Ann.  Soc.  Belg.,  17:    Lull.,  07,  1. — Lib.  sa- 
turata,  Hag.,  Syn.  152,  4  {partim). 

Very  near  and  simifar  in  colors  to  X.  satvnita,  but  a  little  smaller  in 
size;  the  base  of  the  wings  in  the  male  less  colored;  the  basal  space  and 
triangle  not  fuscous;  the  veins  in  the  two  costal  spaces  reddish;  second 
hooks  in  the  male  with  the  interior  pointed  end  much  longer,  black; 
apical  inferior  lobe  of  the  second  segment  of  the  abdomen  larger.  These 
differences  are  taken  by  comparing  the  male  from  California,  described 
in  the  Synopsis  as  L.  satnrata^  with  J)e  Selys's  descripticm,  and  the  males 
of  L.  saturata  from  Yellowstone.  The  following  stiUements  are  maau- 
scrii)t  notes  on  the  specimens,  communicated  by  Mr.  Saussure. 

The  male  from  Tami>ico  has  only  the  alar  expansion  80  millimeters; 
the  head  in  front  and  the  feet  dnrker:  the  wings  less  yellowish,  the 
yellow  color  on  the  costal  margin  not  reaching  the  nodus,  going  hardly 
beyond  the  triangle,  which  is  not  darker  than  the  rest.  The  femide 
from  Cordova  is  a  young  one,  paler  mesothomcic  crest  yellow,  a  yellow 
band  between  the  wings;  appendages  yellow  ;  the  eighth  segment  later- 
ally dilated;  vulvar  laniina  short,  elevated,  deeply  emarginated,  thick- 
ened on  the  sides ;  wings  hyaline,  costal  margin  to  the  principal  sector 
and  triangle  yellowish. 


I  have  no  doubt  about  the  identity  of  the  male  in  my  collection  with 
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De  Selys's  L,  croceipennis,  and  tlijB  fact  that  Mr.  Ubler  at  once  objected  to 
my  former  opinion  about  its  identity  witli  his  L,  mturaia  conlirms  the 
statement  made  above. 

L.Jiavidaj  Hagen,  Synop.,  156, 15. 

In  my  last  report  I  mentioned  a  fragment  of  this  species  from  the 
Yellowstone,  and  I  find  the  same  statement  in  my  notebook.  The  frag- 
ment not  being  at  hand,  other  si)ecimens  would  be  required  to  corrobo- 
rate the  habitat.  This  species  is  known  from  Pecos  Biver,  Western 
Texas. 

L.  compositaj  Hagen,  Hay  den- s  Report,  1872,  728. 

I  have  seen  a  single  female  only,  which  is  fully  described  in  the 
report,  and  provisionally  placed  in  the  genus  Mesothemis^  near  M.  cor- 
rupta.  Considering  the  large  size  of  L.  contpoaitaj  the  small,  rounded 
lobe  of  the  prothorax,  the  enlarged  apical  segments  of  the  abdomen, 
and  the  form  of  the  vulvar  lamina,  the  species  should  probably  be 
placed  in  Lihellula  proper. 

Habitat — Yellowstone. 

HESOTHEMIS. 

M,  colhcata,  Hagen,  Synop.,  171,  3. 

I  named  this  species  after  a  fragment  in  very  bad  condition  in  the 
Yellowstone  Report.  The  abdomen  of  a  female  was  in  one  bottle  and 
the  remaining  parts  of  the  insect  in  another ;  besides  this,  the  Yellow- 
stone collection  contained  some  pressed  specimens  not  fitted  for  scientific 
use.  I  therefore  consider  my  identification  somewhat  dubious,  if  I  had 
not  received  in  the  mean  time  two  pairs  from  San  Diego,  Cal.,  by  Mr. 
Crotch,  which,  belonging  probably  to  the  same  species,  confirm  my 
opinion.  A  full  comparison  is  even  now  not  possible,  as  the  male  type 
of  M.  collocata  is  a  teneral  one,  and  the  two  males  from  San  Diego  very 
mature  5  but  the  females  agree  exactly  with  the  rudiment  from  Yellow- 
stone. This  species  is  very  near  to  3L  simpUcicollis^  but  different  in 
the  black  superior  appendages  of  the  male  5  the  inferior  one  is  yellow, 
a  character  not  stated  in  my  Synopsis.  In  the  younger  female,  the 
appendages  are  yellowish,  but  the  quadrangular,  black,  dorsal  spot  on 
the  segments  4  to  10  is  wanting ;  only  the  sutures  and  margins  of  all 
segments  are  black.  Though  convinced  of  the  rights  of  the  species, 
more  material  would  be  needed  for  a  full  scientific  description. 

Ji.  8implici€olli8j  Hagen,  Synop.,  170,  1. 

In  my  last  report  I  mentioned  a  single  female  from  Ogden,  Utah ;  at 
present  I  am  more  doubtful,  the  specimen  being  very  imperfect.  Prob- 
ably it  belongs  to  the  foregoing  species.  M.  simplidcoUis  is  very  com- 
mon everywhere  in  the  Western  Territories  east  of  the  Rocky  Mount- 
ains from  the  northern  border  to  Florida,  Cuba,  Texas,  and  Mexico. 

No  specimen  is  known  from  parts  west  of  the  Rocky  Mountains. 

M,  illotaj  Hagen,  Synop.,  172,  4. 

A  female  in  my  collection  from  the  Yellowstone,  but  imperfect,  with- 
out the  head,  belongs  probably  to  this  species,  which  is  common  in 
California  from  the  Gulf  of  Georgia  to  Cape  Mendocino  and  San  Diego. 
The  L»  gilva  from  Columbia  is  ver^'  similar,  perhaps  identical. 

M.  corriiptu,  Hagen,  Synop.,  171,  3. 
This  species  is  very  common  in  Texas,  California,  and  is  discovered 
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in  Illinois  by  Mr.  Walsh.    Tbero  are  a  few  tcneral  specimens  from  the 
foot-bills  of  Colorado,  June  25  to  July  6. 

M.  lonijlpennis^  Elagen,  llayden's  lleport,  1872,  728. 
Jlabttat — Yellowstone  (C.  Thomas).    A  species  common  everywhere. 

DIPLAX. 

D.  atripes,  sp.  nov. 

Male. — Eeddisb-brown,  subvillons;  labium,  labrum,  and  bead  reddish ; 
frontabove  near  the  eyes  with  a  large,  blackish,  transverse  band ;  vertex 
reddish,  large,  inflated,  smaller  at  the  tip,  with  the  angles  not  well 
marked ;  occiput  reddish-brown,  villous ;  eyes  behind  reddish-brown, 
with  transverse  blackish  spots.  Prothorax  reddish,  black  beneath,  the 
posterior  lobe  with  very  long  hairs ;  thorax  clothed  with  brownish  hairs, 
reddish-brown,  the  mesotboracic  crest  and  the  sutures  on  both  sides 
blackish.  Abdomen  reddish ;  ventral  margin  of  segments  7  to  9,  with  a 
large  black  band  ;  ai)i)endages  reddidi,  villous,  the  superiors  cylindrical, 
straight,  somewhat  thicker  for  the  tip,  with  about  five  small  teeth  ;  tip 
shortly-pointed  ;  the  inferior  a  little  shorter,  triangular,  somewhat 
smaller  toward  th(»  apex ;  the  tip  bent  upward,  with  two  small  teeth ; 
genital  parts  of  the  second  segment  with  the  bamule  black,  bifid,  the 
branches  not  very  widely  separated,  the  external  stouter,  elongately 
triangular,  a  little  decurved  at  the  tip ;  the  internal  shorter,  slender, 
strongly  recurved,  acute  at  the  apex;  genital  lobe  oblong,  rounded  at 
the  tip,  interiorly  inflated;  anterior  lamina  with  a  small  tooth  in  the 
middle  of  the  margin ;  feet  black ;  the  anterior  femora  palebi-own 
beneath  ;  wings  hyaline,  with  a  faintly  smoky  tinge ;  the  extreme  base 
flav.escent ;  membranula  white ;  veins  reddish-yellow ;  pterostiguia 
oblong,  reddish  ;  7-8  antecubitals ;  7  postcubitals. 

Female, — Similar  to  the  male,  paler;  head  yellow ;  dorsum  of  the 
thorax  pale-biown,  sides  yellowish,  with  three  wavy,  blackish  lines  on  the 
sutures ;  abdomen  luteous ;  a  large  black  band  on  the  ventral  margin, 
and  another  above  it  not  reaching  the  apex ;  segments  7-9,  with  a 
black  dorsal  band  in  the  middle;  appendages  yellowish,  cylinurical; 
vulvar  lamina  short,  truncated;  feet  as  in  ^  ;  trochanters  yellowish; 
in  teneral  females  all  femora  above  in  part  yellowish  ;  wings  as-  in  <? , 
the  base  larger,  liavescent ;  sometimes  also  the  costal  border  to  the 
pterostiguia. 

Length  of  the  body,  S,  30-38  millimeters;  $,  31-35  millimeters; 
alar  expansion,  c?,  4;^G0  millimeters;  9,52-58  millimeters;  pteros- 
tigma  1^-2 j  millimeters. 

Uahilat — Yellowstone;  some  pairs  in  copula  (Mr.  Carpenter).  This 
species  is  nearly  related  to  D,  cost  if  era,  but  difl'erent  by  the  black  color 
of  the  feet. 

J>.  decim,  sp.  nov. 

Similar  in  shape  and  colors  to  D.  t^icina  ;  labium  luteous ;  labrum  and 
bead  in  front  yellow ;  front  above  deeply  canaliculated,  discolored ;  a 
large  black  band  before  the  eyes ;  antennae  black  ;  vertex  nearly 
globular,  the  anterior  angles  obtuse,  luteous,  black  around  the  ocelli ; 
occiput  luteous;  eyes  behind  luteous,  with  two  transversal  brownish 
bands ;  thorax  reddish-brown  ;  on  the  dorsum  a  brownish  tinge,  dilated 
triangularly  to  the  prothorax ;  abdomen  reddish-brown  ;  sutures  yellow- 
ish, a  black,  lateral  band  dilated  behind  on  the  ventral  margin  of  seg- 
ments 3  to  9  and  two  yellow  dorsal  sjiots,  nearer  to  the  base ;  abdomen 
beneath  pale-brown ;  margin  of  segments  4  to  7  black ;  venter  black  j 
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appendages  reddish,  cylindrical,  the  apex  acute,  black,  recurved  be- 
neath, in  the  middle  with  a  ^tout  triangular  tooth,  with  the  apical  side 
straight,  the  basal  side  oblique,  with  0  small  teeth ;  inferior  appendage 
shorter,  ending  just  after  the  tooth  of  the  superiors,  triangular,  but  the 
apical  half  of  equal  breadth  }  the  tip  a  little  excised,  nearly  bilid  5  gen- 
ital parts  of  the  second  segment  with  the  hamules  long,  bent  at  the 
base,  straight,  rounded  externally,  the  apex  bifid ;  the  external  branch 
stout,  triangularly  pointed  ;  the  internal  of  equal  length,  slender,  ungni- 
cnlated ;  anterior  lamina  excised ;  sheath  of  the  penis  orbicular,  with  a 
longitudinal  impressed  furrow  ;  apical  lobe  of  the  second  segment  small, 
triangularly-pointed  ;  feet  black,  all  trochanters  and  the  anterior  femora^ 
beneath  reddish-yellow ;  wings  hyaline,  the  extreme  base  flavescent, 
menibranula  whitish,  a  little  cinereous  on  the  margin  ;  veins  reddish,  the 
costa  and  some  transversals  near  the  base  yellowish ;  pterostigma 
oblong,  yellow,  darker  in  the  middle;  7  antecubitals ;  7  postcubitals; 
3  discoidal  areolets. 

Female  similar  to  the  male,  paler,  coloring  more  luteons;  the 
lateral  black  bands  of  the  abdomen  more  enlarged  to  the  tip,  no  yellow 
dorsal  spots  j  appendages  yellow,  slender,  cylindrical,  the  apex  acute  j 
vulvar  lamina  triangular,  bifid,  the  two  branches  pointed  at  tip  and  a 
little  divergent  5  the  femora  of  the  anterior  and  intermediate  feet  yel- 
lowish beneath. 

Length  of  the  body,  <?,  34  millimeters;  $,  32  millimeters:  alar 
expansion,  <^,52  millimeters;  9,  53  millimeters;  pterostigma  2  milli- 
meters. 

Habitat — Foot  hills,  Colorado ;  Colorado  Mountains,  Pacific  slope, 
August  15  to  September  6  (Lieutenant  Carpenter),  several  pairs.  The 
species  is  very  similar  to  i>.  vicinaj  but  differing  in  the  black  feet  and 
the  genital  parts  of  both  sexes.  Some  fragments  of  the  male  from  the 
Yellowstone  are  a  little  larger,  but  probably  the  same  species. 

1>.  pallipcsj  sp.  nov. 

Male. — Very  similar  to  1).  decisa,  but  larger  in  size  and  pjiler  in  color, 
differs  in  the  following  characters :  no  transverse,  black  band  before  the 
eyes;  vertex  yellow  in  the  middle,  brownish  on  each  side ;  the  color  of 
tiie  dorsum  of  the  thorax  apparently  changed  by  the  alcohol,  paler 
(perhaps  greenish),  with  a  triangular,  brownish  band  in  the  middle,  and 
on  each  side  an  ill-defined  brownish  line,  not  reaching  the  sinus;  sides 
of  the  thorax  red  in  the  superior  half,  some  ill-defined  paler  spots  above 
the  legs.  Abdomen  more  slender,  sutures  brown  ;  no  black  dorsal  or 
ventral  b<auds,  except  a  dorsal  brownish  mark  on  the  third  and  base  of 
the  second  segment;  however,  these  marks  could  be  produced  by  the 
decaying  process ;  on  the  third  and  fourth  segment  an  indication  of  two 
yellow  spots  before  the  apex  ;  venter  pale ;  appendages  similar,  but  the 
inferior  middle  tooth  of  the  superiors  with  the  interior  surface  not 
oblique,  more  perpendicular;  the  apex  of  the  tooth  yellow,  with  the 
small  tooth  more  pronounced  and  black ;  genital  parts  similar,  but  the 
external  branch  of  the  hamule  excavated  exteriorly  and  cut  on  the  tip ; 
internal  branch  black  ;  the  apical  lobe  of  the  second  segment  narrower, 
more  jointed.  Feet  more  slender,  reddish-yellow,  a  fine  black  line  out- 
side of  the  femora,  not  reaching  the  base,  and  a  finer  and  shorter  one 
on  the  tibia  near  the  black  spines ;  joints  of  the  tarsi  black  at  the  tip. 
Wings  similar,  les^  flavescent  at  the  base ;  8-9  autecubitals ;  7-8  i)08t- 
cnbitals. 

Length  of  the  body,  40  millimeters;  alar  expansion,  61  millimeters; 
pterostigma,  2  millimeters. 

Habitat — Foot- hills,  Colorado  (Lieutenant  Carpenter). 
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J>.  semicincta,  Hagen,  Syuop.,  17G,  5. 

A  fragraent  of  a  female  similar  to  raj'  sijecimens,  but  the  fasceseent 
color  extending  upon  the  anterior  wings  as  far  as  on  the  posterior  wings. 
1  never  saw  similarly-colored  specimens  from  the  region  east  of  the 
E(»cky  Mountains. 

Habitat — Foot  hills,  Colorado  (Lieutenant  Cari>enter).  The  species 
is  not  rare  in  the  States  east  of  the  Mississippi  as  far  south  as  Marj'- 
land. 

In  the  last  report  (1872,  p.  728),  I  noticed  from  the  Yellowstone  regioii 
J).  aftHimilata^  1>.  scotica,  and  J),  vicina.  The  first  species  is,  as  I  now 
perceive,  my  />.  deeisa  ;  the  other  two  are  no  more  at  hand. 

Subfamily  CORDULINA. 

EPITIIECA. 

JS,  sernicjrculariSj  De  Selys,  Synop.  des  cordulines,  61,  37. 

Dark  brassy-green  ;  occiput  and  labium  black  ;  rhinarium  and  labium 
pale-yellowish ;  on  each  side  of  the  front  a  large  luteous  spot,  connected 
sometimes  on  the  lower  edge  of  the  front  in  a  narrow  luteous  baud,  inter- 
rupted in  the  middle  by  a  small  black  interval;  eyes  black  behind; 
thorax  dark  brassy-green,  clothed  with  long  grayish-brown  pile  before 
the  sinus,  sometimes  trans versally  fulvous,  sometimes  not;  the  sides 
with  two  ill-defined  luteous  si>ot8;  feet  entirely  black;  abdomen  brassy- 
black,  a  large  fulvous  spot  on  each  side  of  the  second  segment,  a  smaller 
one  on  the  third  segment  (often  wanting  in  the  males) ;  segments  4  to  8 
with  a  small  fulvous  basal  spot  on  each  side  (always  wanting  in  the 
Colorado  specimens) ;  appendages  of  the  male  black,  the  sui>eriors  long, 
subcylindrical,  carinate  inferiorly  and  exteriorly ;  viewed  from  above, 
the  basal  half  is  convex,  straight,  tapering,  divergent ;  the  apical  half 
is  bent  slightly  outward,  then  inward,  subexcavated  before  the 
pointed  end;  viewed  laterally,  the  appendages  are  curved  somewhat 
downward,  the  apex  laminate,  the  lower  edge  with  a  small  external 
basal  tooth,  beyond  the  middle  a  rounded  lamella,  and  between  them 
the  internal  edge  produced  in  form  of  a  larger  rounded  lamella.  Both 
lamellae,  viewed  from  above,  appear  as  lateral  projections ;  inferior  ap- 
pendage more  than  half  the  length  of  the  sui)eriors,  triangular,  bluntly- 
pointed,  concave  below,  recurved,  the  tip  minutely  uncinate  above; 
appendages  of  the  female  long,  stout,  cylindrical,  black ;  vulvar  lamina 
half  the  length  of  the  segment,  yellowish,  quadrangular,  somewhat  erect ; 
apical  margin  rounded,  split  in  the  middle;  wings  hyaline,  or  with  a 
yellowish  tinge  (Vancouver  Island  specimens) ;  costa  lined  with  yellow ; 
extreme  base  of  the  hind-wings  subfumose ;  membranula  blackish-gray, 
white  at  the  base ;  antecubitals,  7-8 ;  postcubitals,  6-7 ;  triangle  in  some 
specimens  with  a  transversal  vein  in  one  or  both  hind- wings. 

Length  of  the  body,  50-40  millimeters ;  alar  expansion,  80-60  milli- 
meters;  pterostigma,2^  millimeters. 

Habitat. — Gulf  of  Georgia  (by  Mr.  A.  Agassiz,  the  male  type  described 
by  De  Selys),  Vancouver  Island,  in  July  (Mr.  Crotch) ;  C3olorado,  ou 
Twin  Lakeland  Arcade  Kiver,  August  1  to  16 ;  Pacific  slope,  August  16 
to  Septc^mber  6  (Lieutenant  Carpenter) ;  Ogden,  Utah  (Mr.  C.  Thomas). 
A  careful  study  of  the  male  type  in  the  collection  of  the  museum  shows 
the  anterior  femora  entirely  black,  not  "j;rr«(/Me  7ioim/re,"  as  in  De 
Selys's  description.  This  character  is  very  important  as  difference  from 
E.  forcipata.  The  words  of  the  description,  "Je  crois  disthiguer  en 
dcssous  line  sorte  de  dent  submidiane  analogue  d.  ce  que  Van  voit  dies  E. 
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arctica^^  are  to  be  struck  out,  as  this  appearance  was  due  to  some  dirt 
which  stuck  to  the  appendages  of  the  typical  specimen.  The  male  type 
and  the  pair  from  Vancouver's  Ishiud  are  hirger,  most  of  the  Colorado 
specimens  show  smaller  dimensions,  and  differ  as  stated  above  by  the 
abdomen  being  black,  without  fulvous  basal  spots  on  segments  4-8 ; 
this  may  be  due,  perhaps,  to  the  action  of  the  alcohol  or  of  some  sub- 
stance added  to  the  alcohol  for  the  better  preservation  of  the  specimens. 
The  difference  of  U.forcipata  is  no  longer  doubtful  after  the  examination 
of  more  specimens,  but  this  species  is  very  nearly  related,  and  differs  by 
the  labrum  having  a  brownish  spot  on  each  side,  by  the  anterior  femoi*a 
being  partly  fulvous,  by  the  appendages  of  the  male ;  the  vulvar  lamina 
of  the  female  is  the  same,  split  on  the  apex.  Having  now  carefully  com- 
pared E.  arctica  of  Europe  with  both  species,  I  am  very  sure  of  the  spe- 
cific difference  of  this  species.  In  U»  arctica,  the  split  at  the  apex  and 
the  appendages  of  the  male  are  different. 

* 

Subfamily  ^SCHNINA. 

JESCHNA.  , 

JB.  constricta,  Hagen,  Synop.,  123,  8  (Hayden's  Report,  1872,  727). 

Habitat. — Yellowstone,  common  (C.  Thomas) ;  foot-hills,  Colorado,  a 
male  without,  head.  This  species  is  common  everywhere  east  of  the 
Mississippi  from  Canada  to  Maryland  and  west  to  Wisconsin  and 
British  Columbia. 

J57.  multicolor,  Hagen,  Synop.,  121,  4  (Hayden's  Report,  1872,  727). 

Habitat — Yellowstone  (C.Thomas) ;  Vancouver's  Island  (Mr.  Crotch); 
Upper  Missouri,  Pecos  River,  Western  Texas,  and  Cordova,  Mexico. 
A  decidedly  western  species. 

-^.  propinqua^  Hayden's  Report,  727. 

Habitat — Yellowstone,  fragments  of  the  male  and  female  ;  Colorado 
plains,  June  25  to  July  5,  female.  The  specimens  are  not  in  good  condi- 
tion, but  I  believe  them  to  belong  to  the  species  described  by  Mr. 
Scudder  from  the  White  Mountains,  New  Hampshire.  In  the  report  of 
1872,  I  did  mention  one  female  of  the  ^.  eremitica  from  Yellowstone  j 
perhaps  this  female  belongs  also  to  jE.  propinqua. 

Subfamily   GOMPHINA. 

OPHIOGOMPHUS. 

0.  severusj  sp.  nov. 

Greenish -yellow;  head  and  mouth  parts  greenish-yellow,  labium  and 
labrum  paler ;  antennae  black  ;  part  between  the  eyes  black,  forming  a 
transverse  black  band  above  the  base  of  the  front,  excised  in  the  mid- 
dle ;  vertex  greenish-yellow,  flat,  the  front  margin  deeply  notched,  the 
sides  of  the  vertex  cariniform,  curved  in  an  exact  semicircle  around 
the  lateral  ocelli;  occiput  greenish-yellow,  straight,  fringed  with  black 
hairs,  a  small  rounded  inflation  in  the  middle  of  the  front  side ;  eyes 
behind  greenish-yellow,  with  a  small,  black  band  along  the  superior 
border,  beginning  near  the  occiput.  Thorax  greenish-yellow,  an  ill- 
defined,  brownish  spot  on  the  dorsum  each  side  near  the  wings;  the 
crest  of  the  sinus  not  exceeding  the  bifurcation,  black,  and  an  incom- 
plete blackish  band  on  the  humeral  suture  beginning  at  the  wings. 

(Three  msiles  and  two  females  from  Colorado, in  alcohol ;  a  single  male 
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from  Yellowstone,  preserved  dry,  shows  the  following  pattern) :  dorsam 
with  a  broad  black  baud  in  the  middle,  following  the  sinus  above  and 
united  with  a  complete  black  band  on  the  humeral  suture.     Mcsotbo- 
racic  crest  from  the  bifurcation  to  the  prothorax  yellow  ;  a  large,  ovoid, 
black  spot  each  side  of  the  dorsum,  not  confluent  with  the  bnucl^;  a 
black  baud  on  the  second  lateral  suture,  nearly  united  by  a  sni»eiior 
line  at  the  base  of  the  wings  with  the  humeral  baud ;  an  iulerior,  ineom- 
X)lete  black  band  on  the  first  suture,  ending  at  the  stigma.     Abdomea 
cylindrical,  enlarged  at  the  base,  and  on  the  seventh  to  ninth  segments 
greenish-yellow ;  all  the  segments  each  side  on  the  apical  half  with  a 
large  blackish  band ;  the  bands  are  iuteriorly  dilated  at  the  tip,  and 
converging  (diverging  ou  the  first  segment) ;  venter  black  on  segments 
3  to  0,  orange  on  the  following;  in  the  Yellowstone  male,  the  bands  are 
broader  and  confluent  on  the  tip ;   the  yellow  part  between  tho  bauds 
forming  a  basal    liastiform   spot;   appendages  yellow,   the  superiors 
about  as  long  as  the  last  segment,  short,  parallel,  stout,  trigonal,  exte- 
riorly  rounded,  subincurved,  pointed  on  tip,  which  is  bent  outwardi 
beneath  somewhat  thickened  before   tip,  with  numerous  small  black 
si)ines;  inferior  appendage  a  little  shorter,  triangular,  bifid  to  the  base, 
contiguous,  the  basal  halt' forming  an  obtuse  elevation,  the  apex  recurved 
with  a  small  black  superior  tooth  ;  genital  parts  in  the  second  segment 
with  the  first  hamule  forming  a  lobe  interiorly  hollowed ;  the  tip  with  a 
semicircular  excision,  the  hind  angle  of  the  tip  prolonged  in  a  strongly- 
bent  slender  black  hook  ;  second  hamule  longer,  the  tip  suddenly  nar- 
rowed, a  little  recurved,  blackish, cut  straight;  penis  with  an  inferior 
tooth  on  second  joint,  the  last  one  with  two  long  spines;  sheath  of  the 
l)enis  hollowed  out,  four-lobed,  the  two  inner  lobes  cylindrical,  divergent^ 
the  outer  ones  large,  flat,  semicircular ;  earlcts  yellow,  large,  rounded, 
on  the  hind  band  a  series  of  small,  bla<;k  teeth.    The  female  has  the  occi- 
put exactly  similar  to  the  male,  without  any  posterior  teeth  ;  append- 
ages yellow,  short,  pointed  ;  vulvar  lobe  triangular,  a  little  shorter  than 
the  segment,  bifid  to  the  base,  contiguous,  iiuleuted  short  before  tlie 
sharply-pointed  black  tip,*  which  is  bent  outward  ;  feet  yellow,  femora 
an  apical  superior  black  band,  beginning  on  the  knee,  divided  anteri- 
orly ;  beneath  with  numerous  very  short  black  spines ;  tibiae  black  be- 
neath and  interiorly  or  on  both  sides  with  a  black  line  and  long  black 
spines ;  tarsi  black,  all  or  only  the  basal  joint  yellow  above ;  wings  hya- 
*line,  veins  black;  the  costa  and  some  transversals  yellow;  pterostigma 
oblongi  a  little  dilated  in  the  middle,  yellowish,  darker  in  the  middle, 
covering  nearly  three  areolets;  11-lli  antecubitals,  7-10  postcubitals; 
2  discoidal  areolets;  membranula  whitish. 

Length  of  the  body,  51  millimeters ;  alar  expansion,  01-68  millime- 
ters ;  pterostigma,  2^  millimeters. 

Habitat — Colorado  (Mr.  James  Eidings) ;  foot-hills  and  plains  of  Col- 
orado. End  of  September  (Lieutenant  Carpenter);  Fort  Garland,  Col- 
orado, June  27,  South  Montana  and  Yellowstone  (Mr.  C.  Thomas).  This 
is  the  species  given  in  my  last  report  (i).  720)  doubtfully  as  G.  coluhrinus. 
This  interesting  species  is  very  near  0.  colubrinus  in  the  appendages  aud 
genital  parts  of  the  male,  but  dififereut  in  the  pattern  of  color  on  the 
head  and  abdomen  and  the  structure  of  the  occiput  in  both  sexes.  O. 
colubrinus  is  a  species  rarely  to  be  found  in  collections ;  even  the  female 
is  not  .yet  described.  To  prevent  doubts  about  the  rights  of  0.  aeteruH^ 
I  give  here  a  description  of  the  female  of  0.  colubrinus,  I  do  not  i>08- 
sess  the  male,  and  my  manuscript  description  of  it  is  still  in  Europe* 

0.  colubrinus,  Hagen,  Synop.,  101,  7. 
Female, — Greenish-yellow,  marked  with  black ;  labiuui  Inteous^  the 
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margins  clothed  with  pale-brownish  hairs ;  median  lobe  with  a  broad 
black  band  on  the  anterior  margin ;  lateral  lobes  and  the  palpus  dusky- 
brownish  ;  labrum  yellow,  with  a  black  shining  band  ou  the  anterior 
margin  and  a  narrower  one  at  the  base ;  head  yellow ;  rbinarium  with 
a  pale,  slender,  transverse,  black  line,  interrupted  in  the  middle  near  the 
base  of  the  labrum ;  epistoma  with  nn  inferior  transverse  band,  and  an- 
other between  the  front  and  the  epistoma,  a  little  dilated  ou  the  sides, 
and  united  near  the  eyes  with  the  black  band  above  on  the  base  of  the 
front  before  the  antennte^  this  band  is  produced  a  little  in  the  middle 
and  before  each  antenna;  antenuse  and  part  between  the  eyes  black ; 
vertex  black  in  front,  brownish  near  the  occiput,  cariniform,  excavated 
above,  front  margin  rounded,  notched  in  the  middle,  with  a  deep,  curved 
impression  on  each  side  near  the  margin ;  the  sides  of  the  vertex  curved 
in  a  semicircle  around  the  lateral  ocelli ;  occiput  yellow,  straight,  with 
an  anterior  furrow  in  the  middle,  the  border  with  long,  black  cilia ;  each 
side  near  the  furrow  a  long,  sharp  spine,  yellow  at  the  base,  blackish  on 
tip,  divergent,  the  tip  gently  recurved  inside  near  the  base  with  a  sharp 
tooth,  a  smaller  one  after  the  middle,  and  a  very  small  one  just  near  the 
tip;  each  side  behind  the  eyes  just  near  the  occiput  and  not  to  be  seen 
in  the  front  view,  a  stouter  black  process,  cylindrical,  somewhat  rough 
and  divided  by  two  transverse  furrows,  blunt  at  tip;  eyes  behind  yel- 
low, with  a  large,  superior,  black  band;  thorax  greenish-yellow,  with  a 
large  blackish-brown  band  in  themiddle,  narrowed  toward  the  sinus,  and 
a  large  blackish  band,  not  reaching  the  wings,  narrowed  above  and  sepa- 
rated only  by  a  slender  yellow  line  from  a  similar  band  on  the  humeral 
suture,  which  is  narrowed  beneath ;  sinus  and  mesothoracic  crest  black- 
ish-brown ;  sides  of  the  thorax  yellow,  with  a  blackish  band  ou  the  sec- 
ond suture,  and  an  incomplete  inferior  one  on  the  lirst  suture,  ending 
near  the  stigma ;  thorax  beneath  yellowish  ;  abdomen  (not  in  good 
condition)  yellowish,  each  side  with  a  dorsal  blackish-brown  band,  and 
between  them  yellow,  hastiform,  large  spots,  not  reaching  the  apex  iu 
segments  5  to  G ;  smaller,  and  only  basal  on  segments  7  to  9  ;  segment 
10  yellowish,  the  apical  margin  blackish;  the  sides  of  the  segments  yel- 
lowish ;  on  segment  2  a  large  blackish  spot ;  venter  brownish  ;  append- 
ages wanting ;  vulvar  lobe  a  little  shorter  than  the  segment,  triangular, 
bifid  to  the  base,  the  lobes  rounded,  tapering  to  the  tip  and  convergent, 
yellowish,  the  tip  black;  feetluteous;  femora  above  brownish;  tibi© 
superiorly  paler;  femora  with  shorter,  tibiai  with  longer  black  spines; 
wings  hyaline,  a  little  smoky;  veins  black;  pterostigma  oblong,  pale, 
brown,  covering  five  areolets;  13-14  anticubitals ;  11  posteubitals;  2 
discoidal  areolets,  beginning  with  three. 

Length  of  the  body,  42  millimeters;  alar  expansion,  60  millimeters; 
pterostigma,  3  millimeters. 

Habitat — Portneuf,  near  Quebec,  Canada  (Mr.  Uhler's  collection). 
This  female  agrees  well  with  the  description  given  in  the  monograph  of 
the  Gomphines,  p.  77.  I  figured  in  the  same  work  (PI.  5,  No.  1)  the 
occiput  of  the  male,  with  two  small  spines  behind  the  eye:}.  The  figure 
is  the  same  in  my  original  drawings  now  before  me,  but  iu  the  descrip- 
tion the  spines,  indeedquiteextraordinary  for  a  male,  are  not  mentioned. 
As  my  manuscripts  are  still  in  Europe,  I  am  unable  to  say  more 
about  it.  To  avoid  further  mistakes  occurring,  the  very  closely-related 
species  0.  rupuisulenHs  and  0.  mainensis,  united  by  the  latest  monog- 
rapher. Baron  De  Selys  Longchamps,  in  1873  and  1874,  I  prefer  to 
give  a  full  description  of  both,  the  more  so  as  both  sexes  are  now  before 
me. 

38  G  S 
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0.  rupimulensis. 

JJerpctogomphn8  rupinsulettshj  WuIhIv  Acad.  Nut.  Sci.  Phi].«  1862,  p.  38S,  maltti 
Pioc.'Eiit.  Soc.  Phil.,  ieti:<,  p.  2r)3. 

Male. — Greenish-yellow;    labium   pale-livid  (blue,  Walsh),  black   ou 
the  anterior  margin  and  the  fore  half  of  the  side ;  lateral  lobes  pale  ;  lab- 
rum  pale,  with  a  fuscous  basal  spot,  but  little  marked  on  each  side  ;  head 
in  front  greenish -yellow ;  antenna*  black,  apical  border  of  the  first  joint 
jKile ;  part  between  the  eyes  and  front  black ;  the  extreme  base  of  the 
front  l3etween  the  antenna?  black ;  vertex  greenish-yellow,  carinifonn, 
excavated  above,  scarcely  emarginate,  the  sides  rounded  off  at  the  ends, 
and  a  smaller  carina  in  a  semicircle  around  the  ocelli;  occi[mt  straight^ 
scarcely  elevated  in  the  middle,  yellow,  densely  ciliated   with    long, 
black   hairs ;    eyes  livid  behhid,  paler  beneath,   with   a  blackish  su- 
l)erior  spot  near   the    occiput.     Thorax  greenish-yellow,    the   uieso- 
thoracic    crest  black  just  where  it  bifurcates,  and    on   the   end  of 
the  sinus  near  the  wings ;  a  brownish  band  only  indicated   on  each 
side  near  the  humeral  suture,  not  reaching  the  wings  ;  a  small  brown 
band  on   the  humeral   suture;  thorax   otherwise  immaculate    except 
some   brownish  spots  near  the  feet  to  the  stigma.     The    colors  of 
tbe  abdomen  not  well   ])reserved   (pale-brown,  clouded  with    brown, 
AValsh) ;  on  the  dorsum  of  the  segments  a  lanceolate,  yellowish  s]>ot,  two 
black  ai>ical  spots,  and  two  small  transversal  lines  in  the  middle ;  last 
S4»8[ment  yellowish,  rounded ;  vciitral  margins  of  the  segments  yellowish ; 
venter  l)lack,  on  the  four  last  segments  rufous:  the  abdomen  slender, 
cylindrical,  somewhat  dilated  at  the  base  and  much  more  on  segments 
7—8  ;  appendages  greenish-yellow,  with  long,  pale,  dense  hairs ;  superi- 
ors about  as  long  as  the  last  segment,  verj'  robust,  directed  downwaixi, 
approximate  at  base,  conical,  a  little  bent,  obtuse  at  tip,  interiorly  with 
a  small  basal  tooth  ;  viewed  laterally,  with  an  inferior  carina,  squarely 
truncate  on  tip,  and  on  the  terminal  half  below  three  iri*egular  rows  of 
small,  short;  black  teeth;  inferior  about  as  long  and  exactly  attaining 
the  lower  aiigle  of  the  truncated  tii)S  of  the  supeiiors,  broad,  bitid  ou 
the  apical  half,  viewed  from    below  and  each   branch  very   robust^ 
rounded,  divaricate,  stpiarely  truncate  on  ti]),  viewed  laterly  strongly 
incurved,  incrassate  at  base  and  still  more  so  on  tip,  which  is  truncate  ; 
genital  parts  on  the  second  segment  with  the  lirst  hamule  black,  with  a 
deep,  posterior,  ellipti(j  excision  on  tip,  the  superior  angle  forming  a 
long,  sharp,  incurved  hook,  nearly  meeting  the  opposite  angle ;  tbe 
second  bamule  longer,  the  basal  half  thick,  pale,  cylindrical,  the  apical 
half  suddenly  thinner,  black,  cylindrical,  incurved,  and  again  recurved 
on  tip.;  sheath  of  the  penis  hollowed,  fonr-lobed,  tlie  two  interior  lobes 
divergent,  short,  conical,  the  outer  lobes  large,  roumled  on  the  margin  ; 
penis  with  two  small,  black,  short,  iiururved  spines  on  tip,  and  with  an 
inferior  tooth  on  the  second  joint ;  earlets  yellowish-green,  ix)unded, 
some  small   black  spines  ou   the   inner  angle ;  feet  yellowish-green, 
femora  with  a  broad,  brown,  anterior  ban<l,  only  near  the  knee  on  the 
four  posterior  feet,  which  are  more  browni.sh  beneath  ;  tibite  black,  with 
a  superior  yellow  band  ;  tarsi  bliu'k,  on  the  posterior  pair  yellow  in  part 
above.;  wings   hyaline,   slightly   tiavescent  at   base;  veins  black,  the 
costa  yellow ;  pterostigma  brown,  oblong,  surmounting  al>out  five  cells ; 
uuMubranula  cinereous;  autecubitals,  L*j-14;    postcubitals,  lJ-12 ;    two 
discoidal  areolets. 

Female. — Similar  to  the  male.  Occiput  similar,  but  each  side  ou  the 
border  nearer  to  the  eye  a  short,  small,  cylindrical,  yellow  spine,  smooth 
on  the  ti]);  a  second  female  has  the  spine  rudimentary;  in  a  third  8i>eci- 
men  there  is  none ;  behind  the  eyes,  each  side,  near  the  occiput,  a  bi^owDi 


nAOEx]     ZOOLOGY ^PSEUDO-NEUROPTEKA   AND   NEUROPTERA.        595 

robust,  conical  process,  both  convergent.  Thorax  same  as  in  the  male ; 
the  brown  bands  on  the  dorsnm  darker,  nearly  confluent  with  the  ante- 
humeral  band  in  one  of  the  specimens.  Abdomen  less  slender,  a  little 
dilated  on  the  tip ;  colors  same  as  in  the  male,  the  dorsal  yellow  spot 
on  the  second  segment  large 5  earlets  small;  appendages  yellow,  as 
long  as  the  last  segment,  conical,  shar^),  convergent;  tubercle  between 
them  darker ;  vulvar  lamina  yellow,  nearly  as  long  as  the  segment,  tri- 
angular, bifid  a  little  beyond  the  apical  half,  the  branches  contiguous, 
rounded,  tapenng  toward  the  tip,  which  is  bent  outward,  indented  just 
before.    Feet  an(l  wings  as  in  the  ^  ;  pterostigma  larger. 

Length  of  the  body  ^,  52-54  millimeters;  9  51  millimeters;  alar  ex- 
pansion, $j  65-68  millimeters;  $,  68  millimeters;  pterostigma,  <f,  3 
millimeters;  9,  4  millimeters. 

Habitat — Eock  Island,  Illinois  (Mr.  Walsh);  Upper  Wisconsin  (Mr. 
Kennicott);  Maine  (Dr.  Packard  and  Mr.  Uhler).  Mr.  Walsh  saw  only 
one  male ;  the  typo  burned  in  Cbicago  was  examined  by  me  in  1868,  but 
I  took  no  notes.  The  description  by  Mr.  Walsh  agrees  perfectly  with 
the  two  males  from  Wisconsin  described  by  me;  Mr.  Walsh  stated 
(p.  389)  that  the  male  has  no  tooth  on  the  second  joint  of  the  penis, 
but  it  certainly  exists  there,  and,  as  I  know  that  Mr.  Walsh  used  lenses 
of  low  power  only,  he  may  have  overlooked  it.  In  the  third  addition  to 
the  Synoima  des  gompMnes^  De  Selys  describes  (p.  13)  a  male  from 
Maine,  communicated  by  Dr.  A.  S.  Packard,  and  erroneously  unites 
with  it  0.  mainensw,  as  will  be  seen  by  the  description  of  this  species. 

O.  Mainensis. 

0,  mainensis,  Walsh,  Proceed.  Ent.  Soc.  Phil.,  1863,  p.  255,  female. 

il/(i/6'.^^ Yellowish-green,  marked  with  black;  labium  paler,  the  margin 
black;  labrum  with  a  narrow,  black,  front  margin ;  head  before  yellowish- 
green;  part  between  the  eyes  black,  and  a  large  basal  black  band  above 
on  the  front;  antennae  black,  tip  of  the  first  joint  pale;  vertex  black, 
pale  at  the  base  and  in  the  micklle,  cariniform,  excavated  above,  scarcely 
emarginate,  the  sides  rounded  oif  at  ends,  and  a  smaller  carina  in  a 
semicircle  around  the  ocelli ;  occiput  greenish-yellow,  straight,  densely 
ciliated  with  long  black  hairs;  eyes  behind  livid,  with  a  black  trans- 
versal superior  spot  near  the  occiput;  prothorax  black,  with  small  yel 
lowish  spots  on  the  middle  and  each  side ;  thorax  greenish-yellow,  with 
blackish-brown  bands ;  the  middle  ones  narrowed  to  the  wings,  sepa- 
rated by  the  carina,  yellowish  to  the  bifurcation;  the  laterals  large  and 
confluent  with  the  antehumeral,  only  near  the  wings  divided  by  the 
paler  suture ;  margin  of  the  sinus  blackish  ;  sides  of  the  thorax  green- 
ish-yellow, an  incomplete,  inferior  blackish  band,  ending  at  the  stigma, 
and  a  smaller  complete  one  on  the  second  suture ;  below  pale ;  abdo- 
men cylindrical,  slender,  at  the  base  and  before  the  apex  dilated,  black 
on  all  segments,  with  yellow  dorsal  spots,  enlarged  on  1  and  2,  hasti- 
form,  not  reaching  the  tip  on  3  to  5,  shorter,  more  triangular  on  6  and  7, 
short  basal  and  enlarged  on  tip  on  8  and  9,  large,  transversal,  separated 
from  the  base  on  10 ;  sides  of  all  segments  with  large,  elongates!,  yel- 
low spots,  divided  by  the  suture,  reaching  t-he  tip  only  on  segments  2 
and  8  to  10 ;  ventral  margins  of  segments  8-9  black ;  dorsal  articula- 
tions after  the  sixth  segment  yellow ;  venter  black,  of  the  last  threie 
segments  fulvous ;  appendages  yellow ;  clothed  with  pale  hairs ;  supe- 
riors as  long  as  the  last  segment,  robust,  directed  downward,  approxi- 
mate at  base,  with  a  basal  tooth  on  the  inner  edge,  conical,  sharp  on  tijy; 
viewed  laterally  very  robust,  with  a  basal  interior  carina,  the  apical 
half  dilated,  rounded  till  short  before  the  sharp  pointed  tip,  with  two  series 
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of  abont  se\en  stroiigor  black  teeth ;  the  inferior  appendage  large,  inach 
broader  than  the  superiors  and  of  the  same  length,  the  apical  half  divided 
by  a  larger  semicircular  notch  ;  viewed  from  below  the  t^wo  branches, 
large,  quadrangular,  obliquely  truncate,  the  angles  sharp;  viewed  later- 
ally incurved,  thicker  before  the  recurved  tip,  the  outer  augles  form- 
ing a  large  superior  tooth ;  genital  parts  on  the  second  segment  with 
the  first  hauuile  black,  a  very  long,  flat  lobe,  incurved  more  on  tip; 
indeed,  they  are  similar  to  0.  rupinsulensis^  the  base  is  broader,  and  the 
excision  beginning  at  the  base  is  so  large  that  the  superior  angle  alone 
exists ;  second  hamule  longer,  brownish,  broad,  flat  at  base,  the  other 
part  forming  a  slender,  very  long  lobe,  strongly  recurved  and  sud- 
denly again  incurved,  the  apical  part  straight;  sheath  of  the  penis  hol- 
lowed, ovoid,  bifid  on  tip;  the  two  branches  coniciil,  divergent ;  penis 
with  two  short  black  spines  on  tip,  and  an  inferior  tooth  on  2d  joint; 
earlets  greenish-yellow,  rounded,  with  a  series  of  black  spines  on  the 
posterior  inner  angle ;  feet  black ;  femora  somewhat  villous,  with  very 
short  spines,  the  four  anteriors  with  a  greenish  band  on  the  inner  side; 
wings  hyaline;  veins  black;  costa  yellow;  pterostigma  oblong,  blackish- 
brown,  covering  o  (or  5)  cells ;  2  discoidal  areolets ;  12-13  autecubitals; 
0  postcubitals ;  niembranitla  very  small,  whitish. 

Female  (type  described  by  Mr.  Walsh).  More  adult;  the  labium 
brownish-black,  with  a  yellowish,  basal  spot;  lateral  lobes  blackish  on 
the  inner  border  and  tip;  vertex bLickish,  with  a  rounded,  yellow,  mid- 
dle spot  and  a  yellow  dot  on  each  side;  occiput  inflated, ciliated  above, 
emarginated  behind,  and  on  each  side  with  a  rounded  tubercle ;  the  su- 
l)erior  edge  rounded  in  the  middle  with  two,  but  little  sepanited,  coni- 
cal processes, ending  in  long,  sharp,  strongly  incurved  sijines,  converging 
so  as  almost  to  touch  at  their  extreme  black  tips ;  eyes  behind  black, 
with  a  large,  inferior,  yellow  spot,  divided  in  the  middle;  thorax  as  in 
the  male,  the  lateral  bands  on  the  dorsum  separated  from  the  anteliumeral 
by  a  narrow,  yellowish  band,  nearly  confluent  above;  an  accidental 
black  spot  on  the  left  side  near  the  sinus;  abdomen  stouter,  more  elav- 
ate  on  tip;  dorsal  spots  as  in  male,  none  on  the  three  last  segments: 
appendages  about  as  long  as  the  tenth  segment,  yellow,  conical,  sharp; 
lobe  between  obtuse,  yellow ;  vulvar  lamina  yellow,  nearly  as  long  as 
the  segment,  oblong,  bitid  on  the  sipical  half,  a  little  broader  before  an 
apical  exterior  indention,  the  tips  sharpened,  bent  outward;  feet  as 
in  6  ,  the  posterior  femora  with  a  greenish  spot  before  the  tip ;  wings  as 
in  the  male;  costic  black,  but  near  the  base  the  formerly  yellow  color 
is  visible;  pterostigma  a  little  longer,  covering  5-C  ai*eoles;  l-i-15 
autecubitals ;  13  ])ostcubitals. 

Length  of  body,  46  millimeters;  alar  expansion,  oG-CO  millimeters; 
pterostigma  2f^ — 3  millimeters. 


is  no  doubt  that  both  belong  to  the  same  species.  A  translation  of 
Walsh's  description  is  given  by  De  Selys's  in  his  second  addition  to 
Synopsis  of  the  Gomphines  (p.  45),  but  the  vertex  and  occiput  were  not 
exactly  accunite  in  Walsh's  text.  In  the  third  addition  (p.  14),  De  Selys 
unites" the  female  with  O,  rupimuJensis,  As  I  have  describeil  now  both 
sjiecies  in  both  sexes,  this  is  apparently  erroneous.  0.  blson^  from  Cali- 
fornia, is  described  by  De  Selys  in  the  appendix  to  the  third  addition 
(1874,  p.  51)  after  an  incomplete  female.  I  have  not  seen  the  typo;  the 
only  dififereuce  from  0.  mainensis  consists,  according  to  the  descriptioUi 
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in  the  spines  of  the  occiput  bein^  divergent  instead  of  convergent. 
More  specimens  of  both  species  are  necessary  to  show  the  constancy  of 
this  character. 

HERPETOGOMPHUS. 

H,  compositusj  Hagen,  Synop.,  99, 1. 

A  teneral  female^  in  very  bad  condition,  quoted  in  my  last  report  (p. 
727)  as  probably  belonging  to  H,  viperinus,  a  species  never  seen  by  me, 
has  again  been  carefully  studied,  and  I  am  now  of  the  opinion  that  it 
belongs  to  H.  compositus^  described  by  me  after  a  single  female  froi^i 
Texas.  I  received  a  male  from  Northern  Texas,  Dallas,  by  ^Iv.  Boll, 
agreeing  with  De  Selys's  description  in  the  third  addition  (p.  12),  but 
the  very  abrupt  and  intensive  yellow  color  at  the  base  of  the  wings 
is  not  marked.  The  female  from  Yellowstone js  larger ;  length,  54  mil- 
limeters; alar  expansion,  G8  millimeters;  and  the  first  lateral  brown 
band  of  the  thorax  not  well  defined,  ending  shortly  after  the  stigma. 
It  will  be  more  prudent  to  retain  this  female  as  E,  cojnpositm  until 
the  difference  is  better  established  by  the  comparison  of  more  speci- 
mens, the  more  as  the  pair  described  by  DeSelys  from  Oregon  is  nearly 
as  large  as  the  Yellowstone  one.  De  8elys  adds :  "  Je  ne  voU  pas  de 
renflement  anUrieur  cPocciput  chez  la  femelle^*^  but  it  exists  not  in  the 
female  type. 

Habitat, — Western  Texas,  Pecos  River,  the  female  type  in  my  collec- 
tion ;  Dallas,  Tex.,  Boll,  one  male ;  Yellowstone,  a  female  from  Hay- 
den's  expedition,  1872 ;  a  pair  from  Oregon  by  Lord  Walsingham. 

GOMPHUS. 

G.  olivaceus^  De  Selys's  third  addition  Synop.  des  Gomphines,  p.  22. 

Female  (in  alcohol). — Pale  greenish-yellow  ;  head  entirely  greenish- 
yellow,  labium  paler;  a  transverse  brownish  band,  interrupted  in  the 
middle  above  at  the  base  of  the  front;  antenna)  blackish ;  the  two  basal 
joints  greenish -yellow  ;  part' between  the  vertex  and  front  black,  with 
some  yellowish  'dots ;  vertex  flat,  depressed,  yellow,  each  side  behind  the 
ocelli  somewhat  inflated,  carinated  around  the  lateral  ocelli ;  occiput 
yellow,  straight,  with  short,  black  cilia,  and  with  a  series  of  fine,  black 
teeth ;  eyes  behind  yellow,  with  a  superior  black  spot  near  the  occiput; 
prothorax  yellow;  on  thediskeach  side  with  a  larger  brownish  spot;  thorax 
yellow;  dorsum  each  side  near  the  yellow  crista  with  a  brown  band,  nar- 
rowed above,  not  reaching  the  sinus;  each  side  a  large,  incurved,  brown 
band,  separated  by  a  smaller  yellow  band  from  the  brown  line  on  the  hu- 
meral suture ;  sinus  brownish  to  the  bifurcation ;  sides  and  below  yellow  ; 
abdomen  large,  cylindrical,  yellowish,  each  side  a  dorsal,  black,  large 
baud,  indented  inside,  not  reaching  the  base  on  segments  4-5  (the  rest 
is  lost  by  accident,  but  has  been  examined  before ;  it  was  colored  in  a 
similar  way,  the  appendages  yellow,  the  vulvar  lamina  short,  broad, 
notched  in  tlie  middle) ;  femora  yellow,  with  a  short,  black,  apical  band 
above,  and  below  with  numerous  very  short,  black  spines;  tibiie  and 
tarsi  black;  wings  hyaline;  veins  bljick;  costa  yellow;  pterostigm  a  ob- 
long, yellow,  with  4 cells  below;  14-15  antecubitals,  10-11  postcubitals; 
2  discoidal  areolets ;  membranula  whitish. 

Length  of  the  body,  54  millimeters;  alar  expansion,  72  millimeters; 
pterostigma,  4  millimeters. 

Habitat, — Humboldt  River,  Nebraska,  Mr.  Gitrman  ;  California,  Lord 
Walsingham,  or  perhaps,  as  the  foregoing  species,  from  Oregon. 
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The  described  female,  besides  being  preserved  in  alcohol,  is  a  teneral 
one:  l)e  Sel^s-s  specimen  is  more  adult.  Alter  a  careful  companion, I 
find  his  description  apeeing  very  well  with  the  female  before  ine,  ei- 
ce]>t  the  ^^  point  humeral  nujurior  rond^^  but  such  a  spot  is  sometimes 
only  oc(!asionai  or  perhaps  belongs  to  the  adult  specimen.  The  length 
of  the  femur,  8  millimeters,  is  the  same.  In  comparing  the  female  with 
G.  pUufuUuH  male,  I  believe  them  to  be  different  species. 

Mr.*(Tarman  collected  in  Utah,  Great  Salt  Lake,  the  uympha-skiu  of 
a  GomphnM.  The  skin  is  31  millimetei's  long,  and  similar  to  the  species 
described  by  Mr.  L.  Cabot  in  his  monograph  (p.  3,  ^o.  4). 

Subfamily  CALOPTERYGINA. 

HETJERINA. 

H,  CaUfornica,  Hagen,  Syn.,  59,  2. 

In  my  last  rei>ort  (p.  71i9),  I  quoted  some  fragments  of  males  from 
Yellowstone.  It  would  be  necessary  to  see  more  speciuieiis  iu  better 
condition,  but  the  fragments  belong,  doubtless,  to  the  geuus  Hetcerina^ 
and  very  probably  to  IL  CaJiforniea.  By  some  error  in  the  report,  the 
species  is  placed  between  the  insects  not  belonging  to  the  Odonata^ 

Subfamily  AGKIONINA. 

LESTES. 

L,  (ViRjuncta^  De  Selys,  Synop.  lestes,  18,  10. 

Si)ecimens  in  bad  condition  from  Yellowstone  are  quoted  in  my  last 
report  (p.  727).    This  is  a  decided  northern  species. 

L.  congenevy  Hag.,  Syn.,  07,  5. 

A  male  from  Yellowstone  is  quoted  in  my  last  rei>ort  (p.  727) ;  another 
from  foot-hill,  Colorado,  by  Mr.  Carpenter. 

jL.  hamaiay  (L.forcipata  lUi^eu,  Syn.,  71,  13). 

Some  sjiecimens  from  Colorado  Mountains,  Pacific  slope,  belong 
probably  here ;  but  all  the  /j^'ntrs^  as,  in  general,  all  Agrionina  collected 
by  the  expedition,  are  in  w<)i*se  condition,  and  unfit  to  be  determined 
with  certainty.  For  this  species  1  believe  the  d(*termination  sure,  but 
males  and  females  are  present  only  in  broken  pieces. 

ARGIA. 

One  species  from  Y'ellowstone  and  Snake  Kiver,  Idaho,  quoted  in  my 
last  report,  belonging  to  the  group  of  .4.  mocHta. 

AGRION. 

One  species  from  foot-hills,  Colorado,  group  of  A.  prararum. 

ISCHNURA. 

One  species  from  foot-hills,  Colorado,  group  of  /.  iners.  All  the  speci- 
mens being  broken  mow  or  less,  a  scientific  description  would  be  im- 
possible and  even  objectionable. 
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NEUROPTERA. 
Family  HEMEROBINA. 

POLYSTCECHOTES. 

P.  pu)ictatu8j  Hageii,  Syn.,  206, 1. 

The  species  is  very  common  everywhere  in  the  United  States,  from  the 
Gulf  of  Mexico  to,  British  America  and  from  the  Atlantic  to  the  Pacific. 
Curiously  enough,  the  previous  states  of  this  beautiful  and  very  inter- 
esting species  are  still  unknown.  From  analogy,  and  even  from  the 
fact  that  the  larva  of  this  large  and  everywhere  common  species  was 
not  yet  observed  by  American  entomologists,  it  is  safe  to  presume  that 
the  larva  will  be  aquatic,  with  habits  similar  to  the  larva  of  OsmyltiSj 
and  must  be  looked  for  in  the  months  of  April  and  May,  perhaps  even  in 
Juue,  as  the  imago  appears  in  the  middle  of  July,  and  continues  until 
the  arrival  of  the  cold  weather.  I  saw  a  large  cluster  of  eggs  on  a  leaf 
in  tiie  collection  of  Mr.  A.  Lintuer  in  Albany,  N.  Y.,  probably  belong- 
ing to  this  species. 

Habitat — Yellowstone  (Mr.  C.  Thomas) ;  Colorado  Mountains,  August 
29,  foothills,  September  (Lieutenant  Carpenter) ;  Twin  Lake,  August. 

The  following  Hemerobinw  are  unfit  for  scientific  purposes,  hiiving 
been  cibllected  in  alcohol  or  put  together  in  papers  with  Lepidaptera^ 
and  covered  throughout  with  lepidopterous  scales ;  the  last  ones  cannot 
be  cleaned  without  being  more  or  less  spoiled. 

MICBOMUS. 

One  specimen,  related  to  M.  sobriusy  from  foot-hills,  Colorado. 

HEMEEOBIUS. 

One  specimen,  from  Fair  Play,  July  11,  related  to  H,  alternatuSy  and 
two  other  species,  Colorado  Mountains,  July ;  entirely  unfit  for  deter- 
mination, except  to  say  that  there  are  two  different  species. 

CHBYSOPA. 

There  are  three  species,  one  from  the  Snake  River,  Idaho  (Mr.  C. 
Thomas),  belonging  to  the  group  of  C  oculntay  probably  new  ;  and  two 
from  Colorado  plains,  belonging  to  the  groups  of  C.  niffrwornis  and  0. 
externa.  A  description  of  new  species  based  upon  single  specimens  in 
this  very  difficult  genus  is  scientifically  objectionable,  especially  when 
the  single  specimens  are  imperfect. 

MYBMELEON. 

M,  dirersm,  Hagen,  Report  for  1872,  p.  729. 
Habitat, — Yellowstone  and  Snake  River,  Idaho. 

FamUy  SIALINA. 

COBYDALIS.      . 

A  not  full-grown  larva  from  Chiquili,  Colo.  (Professor  Newl>erry),  The 
larva  differs  from  those  of  C7.  cornuta  by  a  longer  x)rothorax,  luteous 
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'legs,  .111(1  tlio  mark  of  tbe  bead.  There  are  now  six  8i>ecies  known  from 
Texas  and  Mexico ;  of  course,  it  is  still  impossible  to  ascertain  the  8i)e- 
cies  of  tbe  larva  from  Colorado,  but  probably  it  may  belong  to  one  of 
tbe  tbree  Texan  species. 

RAPHIDIA. 

Tbe  ^eiius  Raphidia  belongs  to  the  interesting  class  of  genera  which 
are  represented  largely  in  Europe  and  Asia,  are  entirely  wanting  in  the 
fauna  of  North  America  east  of  the  Ivocky  Mountains,  but  are  represented 
again  in  California,  and  in  tbe  other  vast  tracts  of  land  west  of  the 
Eocky  Mountains.  I  have  seen  only  two  specimens,  one  from  Ogden, 
Utah  (C.  Thomas),  the  othei'  from  Ilio  Grjinde,  Colorado,  June  13  (Liea- 
tenant  Wheeler's  expedition).  Both  belong  to  different  spi*c*ies,  and  to 
Ritphidia  proi)er  (not  to  InoceUia) ;  both  being  preserved  in  alcohol,  I 
am  not  able  to  give  any  better  information,  the  more  so  as  the  genus 
Jiaphidia  contains  the  most  diilicult  species  for  determination. 

Family  PHRYGANINA. 

LEMNEPHILUS. 

There  is  a  species  from  Colorado  Mountains,  August,  by  Mr.  Car- 
penter, ill  broken  alcoholic  specimens.  It  belongs  to  the  group  of  X. 
rhovibicusj  and  has  nearly  its  size. 

GONIOTAULIITS. 

A  very  imperfect  female  from  Colorado  Mountains,  August;  it 
belongs  to  the  group  of  0.  griseus, 

STENOPUYLAX. 

St  divergms,  Hagen,  Syn.,  255,  5. 

Fragments  only  from  the  Colorado  ^Mountains,  August.  Perhaps 
some  of  them  belong  to  a  dlDerent  but  related  species. 

PLATYPnVLAX. 

P.  designatm^  Uagen,  Syn.,  269,  C. 

Fragments  sp.  uov.  from  foot-hills,  Colorado,  September. 
P.  atripcHy  sp.  no  v. 

SvN.  StathmophoruSf  8j[>em.,  Hugcii'f3  Sixth  Annual  Report,  by  Profe-ssor  Haydeo, 
lr^3,  729. 

Pitchy-black  above,  orange-colored  beneath  ;  antennoe  stout,  the  inner 
edge  orange  and  serrate  ;  head  before  the  antenna?  orange,  clothed  with 
orange  hairs;  palpi  orange;  head  above  clothed  with  bbictk  and  orange 
hairs;  ocelli  very  large  and  prominent;  thorax  and.  prothorax  tightly 
clothed  Avith  pale  hairs,  and  with  longer  bhick  hairs,  pale  on  tip  ;  ante- 
rior wings  large,  the  ai)ex  parabolic,  cinereous,  somewhat  shining ;  the 
veins  i)itchy-black  and  very  distinct ;  costal  margin  and  thyridium 
pale ;  the  inenibrane  throughout,  with  the  exception  of  the  costal  and 
dorsal  margins,  distinctly  granulated,  sparingly  covered  with  verj*  small 
orange  hairs  (perhai)S  the  clothing  is  spoiled) ;  apical  cells  large,  the 
first  and  third  longer  and  pointed  as  well  as  the  fifth,  the  second  and 
fourth  cut  straight }  all  spaces  and  cells  paler  in  tbe  middle ;  x)osterioT 
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wings  of  the  same  color,  without  granulations  and  orange  hairs ;  first 
apical  cell  shorter  than  the  third,  the  others  similar;  feet  strong^ 
pitchy-black ;  femora  bright-orange  ;  the  four  anterior  tibise  and  tarsi 
brown  interiorly ;  spurs  1, 2, 2,  yellow,  long ;  tibiae  and  tarsi  with  strong 
black  spines ;  abdomen  pitchy  black  above,  orange  beneath. 

Male. — The  upper  margin  of  the  last  segment  is  cut  oft*  straight; 
appendages  orange;  the  superiors  small,  flattened,  straight,  subconverg- 
ent  lobes,  rounded  on  tip,  with  some  small  yellow  hairs  beneath ;  between 
them  a  shorter  triangular  penis-cover,  carinated  above  ;  intermediates 
very  small,  short,  cylindrical,  the  tip  suddenly  enlarged,  rounded ;  inte- 
riors large,  much  longer  than  the  superiors,  broad,  separated  below  by 
a  short,  ovoid,  ventral  lobe,  concave  inside ;  the  margin  after  a  small 
excision  produced  in  a  long,  band-shaped,  narrow  process,  incurved,  and 
pointed  on  tip;  perhaps  the  process  is  moveable;  the  base  sparingly 
clothed  with  brown  hairs;  tip  of  penis  visible;  two  thin  penis-sheaths, 
with  some  bristles  on  tip. 

Female, — Abdomen  blunt  on  tip ;  anal  valves  triangular ;  vulvar  lobe 
not  well  visible,  perhaps  trilobate. 

Length,  with  the  wings,  26  millimeters ;  expansion  of  the  anterior 
wings,  51  millimeters. 

Locality. — One  pair  from  Colorado  Mountains,  in  August.  Here 
belongs  the  badly -preserved  male  from  Yellowstone,  referred  to  in  the 
sixth  report  as  Stathmophorus  related  to  St.  Argm. 

Ttiis  interesting  species  is  the  largest  known  for  North  America, 
differing  from  all  others  by  the  very  large  ocelli.  The  species  is  very 
similar  to  St.  Argus  in  sp.  nov.  size  and  shape,  and  even  more  to  St. 
gilvipes. 

Stenophylax  gilvlpesj  sp.  nov. 

This^pecies  recalls  PL  atripes  in  size,  shape,  and  color  in  the  most 
extraominary  manner.  Nevertheless,  it  is  to  be  recognized  by  the 
entirely  yellow  legs  and  1,  3,  4  spurs;  orange-colored,  head  and  thorax 
pitchy-black  above;  head  before  the  antennae  orange,  clothed  with 
orange  hairs,  palpi  orange ;  antennie  stout,  pitchy-black,  serrated 
beneath,  and  there  the  tip  of  the  joints  brownish;  basal  joint  orange 
beneath  ;  head  and  thorax  above  clothed  with  giayish  and  some  black 
hairs ;  ocelli  large,  prominent ;  thorax  beneath  tightly  clothed  with 
white  hairs;  anterior  wings  large,  the  apex  parabolic,  ash  gray,  some- 
what shining;  the  veins  i)itchy- black  and  margined  everywhere  with 
black,  very  distinct;  costal  margin  pale  iii  the  middle,  blackish  at  both 
ends ;  thyridium  and  arculus  pale ;  the  membranes,  excepting  the  costal 
and  dorsal  margins,  distinctly  granulated;  from  each  granulation 
springs  a  small,  decumbent,  orange  hair;  apical  cells  of  the  same 
breadth;  the  first,  third,  and  fifth  pointed,  somewhat  longer;  posterior 
wings  of  the  same  color,  without  granulations  and  hairs ;  veins  less  dis- 
tinct; the  costal  margin  pale  throughout;  apical  cells  similar;  feet  dull- 
yellow  ;  spurs  1,  3,  4,  yellow,  long ;  tibiae  and  tarsi  with  long,  black 
spines ;  abdomen  orange. 

Male. — The  upper  margin  of  the  last  abdominal  segment  cut  oft* 
straight;  appendages  orange,  sparingly  clothed  with  longer  yellow 
hairs ;  superiors  short,  flattened,  straight,  convergent  lobes,  rounded  on 
tip,  and  visibly  larger  than  in  PI.  atripes;  between  them  a  shorter  bifid 
penis-cover ;  intermediates  just  below  the  superiors,  shorter,  cylindrical ; 
inferiors,  large,  longer  than  the  superiors,  broad,  widely  separated  by  a 
short,  ovoid,  ventral  lobe,  concave  inside,  produced  externally  in  a  long, 
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triangular  process,  incurved, 'aud  pointed  on  tip;  the  interior  part 
incurved  in  the  same  way  and  (minted  on  tip. 

Length,  with  the  wings,  27  millimeters ;  expansion  of  the  anterior 
wings,  52  millimeters. 

Locality, — Quesnel  Lake,  British  Columbia,  August  27  (Mr.  Crotch). 
The  extraordinary  resemblance  of  St.  gilcipes  with  PL  atripes  is  men- 
tioned above ;  tlu*,  described  characters  prove  nevertheless  the  difference 
of  ihe  two  species. 

RIIYACOPIIILA. 

Tw^o  siwxiimens  in  verj'  [wor  condition  from  Long  Peak  and  Divide, 
Juno  3,  Coh>rado,  belong  to  this  genus.  The  species  is  probably  new, 
but  the  s|K.H;imens  are  not  fit  for  a  description. 

Besides  the  described  imagos,  a  number  of  Phryganid cases,  sometimes 
with  the  larva's  in  alcohol,  were  collected.  The  previous  stages  of  the 
Phryganidd  not  being  well  enough  known  to  determine  them  8i>ecifically, 
I  will  only  enumerate  the  groups  to  which  they  belong.  Theix^  are  from 
the  plains,  July  1  to  September  10,  cases  belonging  to  Limncphilidce^ 
probably  to  JAmneph'dus^  StenvphylaXy  Ooniotaulim^  Hallc»us^  and  some 
to  Phryfjanea  proper. 

From'  Little  and  l>ig  Tliompson,  Bste's  Park,  May,  eases  belonging 
to  PhryyanvUj  LimnephiluMj  UuHchus. 

From  foothillsand  mountains,  July  1-19,  cases  belonging  to  PAr^^aitca, 
Lim  neph  UuHj  Stenophylax. 

Besides  those,  I  have  before  me  from  Colorado,  from  South  I*ark,  Ri^ar- 
ing  Fork,  and  Fair  Play,  cases  belonging  to  Limnephilidw,  Mystacida:^ 
and  RkyitcophUuUv, 


List  of  the  described  species. 

The  species  without  numbers  were  intro<lu<jtMl  in  the  present  report 
merely  for  tln^  sake  of  (comparison  with  other  descailnnl  sp(H!ie8.  The 
occurrence  of  some  of  them  in  the  territory  embraced  by  the  present 
report  is,  however,  very  probable. 

rSELDONEUKOlTEKA. 

Family  Teumitina. 
Termopsis. 

1.  T.  auguHticoUis^  var.  Necadensis,  Trurkee,  Nevada;    the  typical 

species  from  British  Columbia,  through  California  and  Louisi- 
ana. 
— .  T.  occidentis^  California;  west  coast  of  Central  America. 

Family  Perlina. 
Pteronarcys. 

2.  Pt,  cali/ornicay  Washington  Territory;    California;   Utah;    San 

Luis  Valley,  (Colorado. 

3.  Pt,  rcyularis^  Truckee,  Nevada. 

4.  Pt.  badia.  Bridger  Basin,  Wyoming;  Cache  Valley,  Utah;  Colo- 

rado Mountains. 

ACRONEUR  lA. 

5.  A.  abuonnix,  occurs  from  British  America  to  Georgia,  and  i)erhnp8 

Mexico;  South  Montana;  Snake  Biver,  Idaho;  Eagle  liiver 
Colorado.  ' 
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DiCTYOPTERYX. 

0.  D.  signata^  foot-bills  of  Colorado,  and  mooutaiiis  on  the  Pacific 
slope. 

ISOGENUS. 

7.  I.  elongatiis^  foot-bills,  Colorado ;  Ogdeu,  Utab. 

8.  7.  colubrinuSy  Suake  lliver,  Idaho. 

Perla. 

9.  P.  sohrUij  Colorado  Mountains,  Pacific  slope. 

10.  P.  ebria,  Colorado  Mountains,  Pacific  slope. 

11.  P.  (!)  (species  not  described),  from  the  same  locality. 

Chloroperla. 

12.  Chi,  (!)  (species  not  recorded),  foot-hills,  Colorado. 

Family  Ephemirina. 

EPIIE3rERA. 

13.  E,  compar^  foot-bills,  Colorado. 

— .  JE.  decorUj  west  of  the  Mississippi  down  to  Virginia. 

— .  E,  guttulata.  New  York. 

— .  E,  natata^  Canada }  Illinois ;  Maine. 

HEfTAGENIA. 

14.  H.  brunnea^  Truckee,  Nevada. 

15.  ff.pudicay  foot-hills,  Colorado;  Washington,  D.  C. 

Leptophlebia. 

IG.  L.  pallipeSj  Trnckee,  Nevada. 

Family  Odonata. 
Subfamily  Libellulina, 

LiBELLULA. 

17.  L.  4  ^maculatUj  Snake  River,   Idaho;    Ogden,  Utah;   Bridger 

basin,  Wyoming. 

18.  L,  nodistictn^  Yellowstone ;  Mexico. 

19.  X./oren«i«,  Yellowstone;  California;  British  Columbia. 

20.  L.pulchellaj  Ogden,  Utab;  common  everywhere  west  of  the  Mis- 

sissippi. 

21.  L,  saturataj  Yellowstone ;  Mexico ;  Arizona. 
— .  X.  croce//>€7iwi«,  California;  Mexico. 

22.  L.  fluvida,  Yellowstone ;  Texas. 

23.  X.  compositaj  Yellowstone. 

Mesothemis. 

24.  M,  collocatay  Y'"ellowstone ;  California. 

25.  M,  aii^plicicolliSy  Ogden,  Utah ;   everywhere  east  of  the  Rocky 

Mountains. 
20.  M,  carrupta^  foot-hills,  Colorado;  California;  Texas;  Illinois. 

27.  J/,  illotaj  Yellowstone;  California. 

DiPLAX. 

28.  1>.  atripeSy  Yellowstone. 

29.  i>.  decisa^  foot-hills  of  the  Colorado  mountains.  Pacific  slope. 

30.  />.  paUipeSy  foot-hills  of  Colorado. 

31.  i>.  semicinctay  foot-hills  of  Colorado ;  east  of  the  Mississippi,  not 

rare. 
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Subfamily  Cordulina, 
Epitheca. 

32.  E.  sewicircularw,  Twin  Lake,  Colorado;  Arcade  River  and  PadAi 

slopeof  mountains,  Colorado;  Ogden,  Utali;  Vancouver's  Idanc 
and  Gulf  of  Georgia. 

Subfamily  ^achnina. 

^SCHNA. 

33.  yHJ.  comtrictaj  Yellowstone;  foot-hills  of  Colorado;  cooiinon  every 

where  east  of  the  Mississippi. 

34.  jE.  multicolor j  Yellowstone ;   Vancouver's  Island ;    Upper  Mift 

souri ;  Texas ;  Mexico. 

35.  jE.  propingusy  Yellowstone ;  Colorado  plains. 

Subfamily  Oomphina. 
Ophiogomphus. 

36.  0.  serenis,  foothills  and  plains ;  Fort  Garland,  Col. 
— .  0.  colubrinus,  Canada,  Quebec. 

— .  0.  rupitisulefmH,  Illinois ;  Upper  Wisconsin ;  Maine. 
— .  0.  niainensisy  Maine. 

Herpetogomiius. 

37.  H.  compositiMy  Yellowstone ;  Oregon ;  Texas. 

GOMPHUS. 

38.  0.  olivaceusj  Humboldt  Eiver,  Nebraska ;  California. 

Subfamily  Calopterygina, 
Het-erina. 

39.  H.  calif omicay  Yellowstone ;  California. 

Subfamily  Agrionina. 
Lestes. 

40.  X.  diyunctay  Yellowstone. 

41.  L.  congenevy  Yellowstone ;  foot-hills  of  Colorado. 

42.  L.  haniatay  Pacific  slope  of  Colorado  Mountains. 

Argia. 

43.  A.y  spec.  (!),  (group  of  A.  mocHta)y  Yellowstone. 

Agrion. 

44.  A.y  spec.  (?),  (group  oi  A.  praivarum)y  foothills  of  Colorado. 

ISCHNURA. 

45.  /.,  spec.  (!),  (group  of  I.  iners)y  foothills  of  Colorado. 

neuroptera. 

Family  Hemerobina. 
Polystcechotes. 

4G.  P.  punotatusy  YcWowBtono;  foot-hills  and  Twin  Lakes,  Colorado, 

MiCROMUS. 

47.  M.y  spec,  (t),  (group  of  Jf.  sohritis),  foot-hills  of  Colorado. 

HE3IEROBIUS. 

48.  H.y  spec.  (?),  (group  of  H.  alternaUi8)y  Fair  Play,  Col. 
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Chrysopa. 

49.  Chr.j  spec,  (t),  (group  of  Chr.  oculata)^  Snake  Eiver,  Idaho. 

50.  Chr.y  spec,  (f),  (group  of  Chr.  niffricornm),  Colorado  plains. 

51.  Chr.y  spec,  (t),  (group  of  Chr.  externa)^  Colorado  plains. 

Myrmeleon. 

52.  M,  diveraus,  Yellowstone. 

53.  M.  nigrocinttiSy  larva,  Montana. 

Family  Sialina. 
Corydalis. 

54.  C,  spec.  (!),  larva,  Cbiquili,  Col. 

Rapuidia. 

o3.  R.J  spec.  (?),  Ogden,  Utah. 

56.  R.,  spec,  (f),  Kio  Grande,  Colorado. 

Family  Phryganina. 

LI3INEPHILUS. 

57.  L.  spec.  (I),  (group  of  L.  rhomhicus)^  Colorado  mountains. 

GONIOTAULIUS. 

oS.  O.  spec.  (?),  (group  of  G.  griaeiis)^  Colorado  mountains. 

Stenophylax. 

59.  St.  divergens,  Colorado  mountains. 
— .  St.  gilvlpesj  British  Columbia. 

Platypiiylax. 

CI.  P.  designatuSj  foot-hills  of  Colorado. 

62.  P.  atripeSj  Colorado  mountains ;  Yellowstone. 

EUYAROPniLA. 

63.  R.y  spec.  (?),  Long  Peak  and  divide,  Colorado. 


FAUNA  OF  COLORADO. 
The  fauna  of  Colorado  is  represented  by  36  species. 


Pteronarcys  californica. 

badia. 
Acroncuria  abuormis. 
Dictyopteryx  signata. 
Isogenus  elongatus. 


Ephemera  compar. 


Mesothemis  corrupta.' 
Diplax  decisa. 

pallipes. 

semicincta. 
Epithecrt  semieircularis. 
^Eschna  constricta. 


PERLINA. 

Perla  sobria. 

ebria. 

spec. 
Chloroperla,  spec. 

EPHEMERINA. 

I  Heptagenia  pudica. 

ODONATA. 

jEschna  propinqua. 
Ophiogomphus  severus. 
Lcstes  congener. 

hamata. 
Agrion,  spec. 
Ischnura,  spec. 
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HEMEROBINA. 


Polj8t(£Chot«8  puDctatus. 

Mici*omus,  spec. 
Uemerobius,  spec. 


Clirysopa,  spec. 

spec.  (!) 


SIALIC  A. 

Corydalis,  spec.  .  |  Kapliidia,  spec. 


PHRYCrANlNA. 


Limneplnlus,  spec. 
Goniotaiiliiis,  spec. 
Stenophylax,  divergens. 


Platypliylax  atripes. 

desi^uatus. 
Kbyacopliila,  spec. 


About  tbe  geographical  distribution  of  the  'M\  species  from  Coloradp, 
only  a  few  general  remarks  may  be  here  given.  Of  the  eiiuiiioratecl 
si>ecies,  13  are  represented  by  specimens  in  juior  condition,  only  lit  for 
the  determination  of  the  genus,  and  even  the  whole  number  of  36 
species  is  evidently  only  a  small  fragment  of  the  fauna. 

There  are  II  species,  with  a  decided  alpine  character,  from  the  uionnt- 
ains,  Twin  Lakes,  and  Fair  Play,  viz :  J'ter.  badia^  Perla  mhria^  ehria^ 
sp.  n.,  Epith,  HeinudrcnliiriH^  Poly  fit,  punetatuH^  llemerob,  (spe<;.,)  Lhnneph, 
(spec.,)  Gonfot.  (spec.,)  Rhyac,  (spec.,)  Stenojyh.  dmrffens.  One  of  them, 
Polytft,  pnnctatitH^  occurs  everywhere  in  the  United  States,  the  previnus 
stages  probably  living  in  the  water;  Epith.  semhheidaris  is  a  decided 
alpine  species,  imitating  the  Epith.  aretica  from  p]urope,  occurring  in 
Lapland  and  Switzerland  ;  Stenoph.  dictrf/ens  is  a  northern  species,  and 
perhaps  the  only  one  to  be  found  also  east  of  the  Rocky  Mountains. 

From  the  Pacilic slope  there  are 8  spe(*ies,  viz:  1\  californica^  Dictyopt. 
s^ignataj  Dipl.  decimy  Epith.  semicircularitt^  LeHt,  hamata^  Coryd,  larva, 
JRuphidia  (spec).  Only  Li'st.  hamata  li\  es  also  east  of  the  liocky  Mount- 
ains. The  genus  Raphidia  is  decidedly  a  we.«^tern  genus,  reaching  as 
eastern  limit  (-olorado.  Epithev.  ttemicirrtilaris  goes  to  Vancouver's 
Island,  and  perhaps  more  to  the  north,  ft  is  interesting  to  remark  that 
this  species  is  imitated  in  the  northeast  by  Epith.  forcipata,  going  not 
farther  to  the  south  than  the  White  Mountains,  New  Hampshire. 

The  eastern  slope  foot-hills,  Fort  Garland,  and  plains  give  20siteeies; 
only  one  of  them,  Mcsoth.  corrnpta,  is  a  decidedly  western  species,  but 
going  east  of  the  Docky  Mountains  as  far  as  the  Mississi[»pi.  Some  of 
them,  JExvhnacoyistricta  ixud  propingnaj  seem  to  have  their  western  lim- 
its much  farther  than  in  Colorado. 

The  species  mentioned  in  my  last  report  about  the  Yellowstone  fanna 
were  again  examined  by  me,  and  sonie  species  better  determined.  So 
far  as  known,  the  fauna  has  a  decide<lly  western  character.  From  Utah, 
Wyoming,  Idaho,  and  Nevada  there  are  only  a  few  spec*ie8,  which  do 
not  allow  any  general  conclusions.  Except  some  common  everywhere, 
they  seem  all  to  belong  to  the  western  fauna. 


REPORT  ON  THE  MYRIOPODS  COLLECTED  BY  LIEUT.  W.  L. 

CARPENTER,  IN  1873,  IN  COLORADO. 


By  A.  S.  Packard,  Jr.,  M.  D. 


5IYII10P0DA. 

Lithobius,  n.  8p.(!)— Five  specimens  from  Colorado,  collected  by  Lieu- 
tenant Carpenter,  indicate  a  new  species,  differing  from  L,  Americanu^j 
Kewport,  in  the  antennje  being  longer,  though  with  fewer  joints,  aver- 
aging between  24  and  25;  the  joints  being  long  and  gradually  diminish- 
ing in  length  to  the  end,  while  in  L.  Americanua  the  three  basal  segments 
arc  long  (though  shorter  than  in  the  Colorado  form),  and  the  segments 
beyond  are  very  short  and  crowded ;  they  are  much  less  finely  pilose. 
The  labium  is  much  narrower,  with  from  four  (young)  to  twelve  teeth 
(adult).  The  entire  head  is  slightly  longer  and  narrower,  while  the  body 
has  the  same  proportions  as  in  X.  Americantis ;  the  pits  on  the  coxa^  are 
much  the  same,  and  the  spines  on  the  legs  not  different.  Length,  0.88 
inch.  It  is  very  different  from  a  Californian  species  received  from  Goose 
Lake,  Siskiyou  County,  through  Mr.  Holleman,  but  agrees  perfectly  with 
an  uudescribed  species  (not  L.  pancndens^  Wood)  from  San  Francisco, 
Cal.  (H.  Edwards),  in  the  Museum  of  the  Peabody  Academy  of  Science. 

I  forbear  to  name  it,  until  more  specimens  are  received  both  from  the 
Eocky  Mouutains  and  the  Pacific  States.  It  occurred  at  Camp  1,  May 
23,  and  Elbert  Peak,  above  12,000  feet  elevation,  and  on  the  route  from 
Fair  Play  to  Twin  Lakes  (Lieutenaut  Carpenter). 

GeophiluSj  n.  sp.  (?) — Two  specimens  of  a  species  probably  allied  to 
G,  hrevicorriis^  Wood,  were  collected  by  Lieutenant  Carpenter  between 
Long's  and  James's  Peaks  and  between  Fair  Play  and  Twin  Lakes,  Col- 
orado. It  is  certainly  neither  of  the  other  species  noticed  by  Wood. 
It  is  closely  allied  to  an  undescribed  species  from  Goose  Lake,  Cal.  (J. 
Holleman),  but  differs  chiefly  in  the  longer  antennae. 

Juhis,  n.  sp. — Several  specimens  of  a  new  species  were  collected  by 
Lieutenant  Carpenter  on  the  foot-hills  and  plains  of  Colorado,  September 
20  to  October  4.  It  has  53  segments,  exclusive  of  the  head  and  anal 
segment;  chestnut-brown,  with  the  lateral  spots  unusually  well  marked, 
the  dorsal  strii)e  well  marked,  and  the  antennae  scarcely  clavate.  The 
niuero  is  very  short  and  blunt.  In  color  and  general  appearance,  it  is 
closely  allied  to  J.  impressus^  Say.  I  should  not  however  feel  justified 
in  naming  and  describing  it  until  larger  collections  of  the  Juli  of  the 
Itocky  Mountains  and  California  have  been  received,  as  it  is  also  closely 
allied  to  a  Californian  species  received  from  Mr.  H.  Edwards,  and  may 
prove  identical. 

It  seems  probable,  from  the  facts  presented  above,  that  the  myriopo- 
dous  fauna  of  Colorado  is  nearly  identical  with  that  of  the  Pacific 
States,  and  it  is  useless  to  study  the  fauna  of  Colorado  without  exten- 
sive material  from  California  aiid  Oregon  in  a  group  where  there  is  so 
much  specific  variation  as  in  the  Myriopods. 


REPORT  OiN  THE  AMPHIPOD  CRUSTACEANS. 


Hy  S.  I.  .Smith. 

Hyalella,  genus  not\ 


]oii|(ei-  than  broad.    Antciinuliu,  aiitouiuc,  aud  thoracic  legs  much  as  iu 
liyale.    Telsoii  short,  stout,  and  entire. 

Hyalklla  dkntata,  sp.  noi\    (Phite  I,  Figs.  3~C.) 

Body  sliglitly  compressed.  First  and  second  segments  of  the  abdo- 
men with  the  dorsal  margin  produced  posteriorly  into  a  Vi'cU- marked 
Kpiniform  tooth.  Eyes  nearly  round,  about  equal  in  diameter  to  the 
thickness  of  the  pn^ximal  segment  of  the  peduncle  of  the  aiiteunnla. 
IVduncJe  of  the  antennula  iibout  as  hmg  as  the  head;  the  flagelhizn  a 
little  longer  than  the  peduncle,  and  composed  of  about  seven  to  nine 
segments.  Antenna  somewhat  longer  than  the  antennala;  the  two 
distal  si'gments  of  the  peduncle  elongated  and  nearly  equal;  the  Oagel- 
lum  usually  but  little  longer  than  the  tlagellum  of  the  antennula,  aud 
comiM)sed  of  about  eight  to  twelve  segments. 

Fiist  pair  of  thoracic  legs  (Fig.  G)  small  and  slender;  the  palmary 
mar;;in  of  the  propodus  transverse,  nearly  straight,  and  armed  with  a 
small  tuotli  at  tlie  inferior  posterior  angle ;  the  dactylus  very  strongly 
curved,  aud  its  tij)  closing  behind  the  inferior  posterior  angle  of  the 
propodus.  Second  pair  ot  legs,  iu  the  mah^  (Fig.  3,  terminal  poiliou), 
very  large ;  carpus  projecting  into  a  process  along  the  posterior  side  of 
the  propodus;  i>ropodus  very  stout,  about  as  long  as  the  epimeron,  and 
a  litth*  loiig(*r  than  broad,  its  palmary  marj^in  strongly  oblique,  a  little 
arcuate,  with  an  abrupt  notch  near  the  middle,  and  two  slight  emargi- 
nations  near  the  posterior  inferior  angle ;  the  dactylus  stout  and  strongly 
(Mirved.  I  n  the  young  males,  the  palmary  margin  of  tlie  propodus  of  the 
second  pair  of  legs  (Fig.  1)  is  less  obliqu(»,  and  the  enuirginations  of 
the  cd;^e  nearly  obsolete,  and  the  dactylus  is  much  less  curved.  In  the 
fennih*,  the  second  pair  of  legs  is  weak  and  slentler,  and  the  carpus 
and  liand  elongated  and  narrow;  the  propodus  not  broader  than  the 


Sev(*nth  pair  o^  lejxs  only  slightly  h)uger  than  the  sixth,  and  with  the 
basis  broad  and  its  posterior  margin  serrate,  as  it  is  also  in  the  fifth 
and  sixth  pairs. 

The  inferior  posterior  angles  of  the  first  three  segments  of  the 
abdomen  a  little  less  than  right-angled,  but  not  produced.  First 
pair  of  caudal  stylets  considerably  longer  than  the  second.  Third 
l)air  short,  the  basal  segment  not  reaching  by  the  basal  segments  of  the 
second  pair,  nearly  as  broad  as  long,  and  armed  on  the  outside,  at  the 
distal  cMremity,  with  three  or  four  stout  spines;  the  terminal  segment 
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nearly  as  long  as  the  basal,  slender,  tapering,  and  furnished  with  a  few 
slender  seta^  at  the  tip.  Telsou  stout,  as  long  as  broad  ;  the  posterior 
margin  rounded  and  furnished  each  side  with  a  slender  seta. 

Length  .rora  front  of  head  to  tip  of  telson,  3.5*""»  to  5.8™". 

Colorado,  1873  5  Carpenter,  collector. 

It  also  occurs  in  Norway,  Maine  (S.  I.  Smith);  Salem,  Mass.  (Caleb 
Cooke) ;  New  Haven,  Conn.,  in  small  ponds  of  stagnant  water  (Pro- 
fessor Verrill,  S.  I.  Smith) ;  Madison,  Wis.  (Professor  Verrill) ;  Madeline 
Island,  Lake  Sui)erior  (J.  W.  Miiner)  5  West  Fork  of  the  Desmoines 
Eiver,  Humboldt,  Iowa  (Caleb  Cooke) ;  Lake  Raymond,  Nebraska  (T. 
M.  Prudden  and  O.  Harger);  Birdwood  Creek,  Nebraska  (O.  Harger); 
The  Dalles,  Oregon  (O.  Harger). 

Hyalella  iNEEMis,  tip.  nov,    (Plate  I,  Figs.  1-2.) 

Closely  allied  to  the  last  s])ecies,  but  wholly  without  teeth  upon  the 
dorsal  margin  of  any  of  the  abdominal  segments.  Two  specimens, 
male  and  female,  give  the  following  additional  characters  : 

Male :  Antennula  reaching  to  the  middle  of  the  flagellum  of  the 
antenna  ;  ultimate  segment  of  the  peduncle  fully  as  long  as  the  penul- 
timate ;  tiagellum  considerably  longer  than  the  ])eduncle,  and  composed 
of  eight  articulations.  Flagellum  of  the  antenna  much  longer  than  the 
peduncle,  or  than  the  flagellum  of  the  antennula.  First  pair  of  thoracic 
legs  almost  exactly  as  in  the  last  species.  The  second  pair  of  thoracic 
legs  (Fig.  2,  terminal  portion)  are  much  smaller  in  proi)ortion  than  in 
the  last  species ;  tha  palmary  margin  is  transverse,  nearly  straight,  and 
wholly  without  an  emargiuatiou  in  the  middle;  the  dactylus  slightly 
curved  and  terminating  in  an  acute  horny  tij).  The  remaining  thoracic 
legs,  the  caudal  stylets,  and  telson  as  in  the  last  species,  or,  if  differing 
at  all,  only  very  slightly. 

The  second  pair  of  thoracic  legs  are  very  different  from  those  of  the 
adult  males  of  H.  dentata,  but  resemble  much  more  those  of  the  young 
males  of  that  species  (Fig.  4),  and  it  is  possible  that,  in  our  single  speci- 
men, they  are  re])roduced  appendages,  and  not  fully  develope<l.  This 
seems  ijuite  improbable,  however.  The  juoportional  size  and  other 
differences  are  well  shown  in  Figs.  2,  3,  and  4,  which  are  all  enlarged 
the  same  amount. 

Tlie  female  (Fig.  1)  diflGpfB  very  little  from  the  female  of  H.  dentnta^ 
except  in  the  absence  of  dorsal  teeth  upon  the  abdomen  and  in  the 
same,  or  nearly  the  same,  slight  differences  in  the  anteunulai  and  anteu- 
nsB,  which  seem  to  characterize  the  male. 

length  from  front  of  head  to  tip  of  telson,  male,  5.6™™  ;  female,  C.0""\   ' 

Colorado,  1873 ;  Carpenter,  collector. 

GamjMARus  LniN^us.    (Plate  II,  Figs.  13-14.) 

Oammarus  lacitstri-a  Smith,  American  Journal  of  Science,  III,  vol.  ii,  p.  453,  1871 ; 
and  Preliminary  Report  on  Dredging  in  Lake  Superior,  in  Report  of  the  Chief 
of  Engineers,  1^71,  p.  1023, 1871. 

Colorado,  1873 ;  Carpenter,  collector.  Cool  Spring,  Fire- Hole  Basin 
(Ko.  224).    Lake  near  Long's  Peak  ;  elevation,  9,000  feet ;  June  1,  1873. 

The  first  and  second  pairs  of  thoracic  legs  are  quite  cbaracteristic  of 
tins  species.  The  palmary  margin  of  tbe  first  pair,  in  the  male  (Fig.  13), 
is  slightly  convex  and  continuous  with  the  posterior  margin  ;  has  a  nar- 
row lamellar  edge,  and  is  armed  with  a  few  long  hairs  and  usually  two 
long,  obtuse  spines  near  the  middle  of  the  margin,  and  three  or  four 
smaller  ones  near  the  tip  of  the  closed  dactylus.  In  the  female,  the  pro- 
podus  is  considerably  smaller  and  shorter  in  proportion  than  in  the  male; 

30  as 
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thr  ]ijilinjiry  margin  is  without  the  lamellar  odjjo  and  witliout  spiiic!^ 
rxrcpl  two  or  three  small  ones  at  the!  tip  ot*  the  dosed  dartvliis.  Tiif 
pahiiary  niar^nu  of  the  sceond  pair,  in  the  male  (i^i^.  M).  is  only  a  little 
<il)li(|ii(*.  is  convex  in  the  niiddUs  has  a  Itroader  hnuellar  i.'il;L;'e  than  in 
the  lirst  pair,  and  is  armed  on  tin*  ontsidif  witli  one,  or  very  nnvly  two, 
h)n;;r,  stout,  and  obtuse  spines  n«»ar  the  middh*,  ami  with  two,  tlirie,  or 
vi*ry  rarely  lour,  successively  smaller  ones  near  tin*  tip  of  the  closed 
daetylus.  There  aiv.  also  two  or  three  still  smaller  obtuse,  spines  on  the 
inner  side  of  the  palmary  mart^in  near  th<'  tip  of  the  dactyl  lis.  In  the 
female,  the  palmary  margin  of  the  ]>ropodus  in  the'  second  p'lir  of  le^s 
is  without  the  lanu'llar  e<l^e  and  thespinesin  the  middle,  aiul  is  $trai;;Lc 
and  neaily  transverse. 
The  name  lacvMtris  is  ju'eoccupied. 

(iAMMAlM'S  UOlU'STrS,  sp.  HOC.     (Plate  II,  Fi^^s.  7-12.) 

Eves  sni;»ll,  nearly  rouml,  about  ecpnd  in  diameter  to  tlio  thickne.<s 
of  th(^  proxinml  segmtMit  of  the  pedunch*  of  the  antennnla.     Aiitennula 
much  longer  than    the  antenna;    second  and  third  se<;nieiits  of  the 
l)eduncle  to<;ether  but  little  longer  than  tlie  lirst :  lla^^elluin  about  twiit! 
as  lon^  as  the  ])eduncle,  and  composed  of  twenty-live  to  thirty  se<;meni:» 
in  lully  grown  nuiles,  and  of  twenty  to  twenty-live  in  the  lonuiles;  sec* 
oiMJary  tlagellum    short,  composed  of  three   segments,   of   which   the 
terminal  one  is  very  small.     I'eduncle  of  the  antenna  lon^  and  stoui: 
the  ulrii::ate  and  penultimate  segments  subequal  in  length,  and   each 
bnt  little  shorter  than  the  llagellum  ;  tlagellum  (Kig.  S)  stout,  conipoiiiMl 
of  eight  to  eleven  segments,  and  in  neaily  all  adult  speciniens   bavin;; 
several  of  the  segnuMits  furnished  on  i1h»  upper  side  with  ])eculiar  cni>- 
shapeil  appendages.     Tirst  pair  of  thora<'ic  legs  in   the  niale   (I'ig.  ?»; 
with  the  propodus  short  and  stout  ;  the  palmary  margin  v«»ry  obli([:ie, 
nearly  straight,  with  a  very  narrow  lamellar  edge,  and  armed   on  tlio 
outside  with  three  larg(M)l)tuse  sj)ines,  and  on   the  insi<le  withijuitesi 
number  of  snudl  oiu^s.     In   the  second  pair  of  legs  (Fig.  10),  tlie  pro- 
podus is  very  broad  and  atout,  the  palmary  nuu'gin  slightly  oblique, 
siinu)us  in  outline,  with  a  mach  broader  lamellar  iH\^^  than  in  the  tirst 
l>air,  and  arnuHl  on  the  outside  with  a  stout  spine  near  the  middle,  and 
two  or  three  smaller  ones  near  the  posterior  margin,  and  on  the  inside 
with  two  or  three  small  teeth  near  the  ])osterior  margin.     In  tlie  female, 
the  lirst  and  second  thoracic  legs  are  uuurh  smaller  and  slenderer  than  ill 
tliemale.    In  the  lirst  i)air  (Fig.  11),  the  palmary  margin  of  tlie  pro- 
podus is  less  nblique  than  in  the  male,  slightly  convex  in  outline,  with 
a  prominent  lamellar  edge,  but  without  s[nnes  exce|)t  near  tlie  posterior 
margin,   which   is   itsell*  armed   with    several    snudl    spines  partially 
obscured  by  luimerous  hairs.    In  the  second  ]iair  (Fig.  12),  tiiepifipodus 
is  pio]»ortionally  much  narrower  than  in  the  male,  and  has  the  palmaiy 
niargjji   very  slighily  ublique,  quite  convex  in  outline,  with  a  broad 
lamellar  viV^i.*^  and  armetl  with  two  or  three  small  spines  near  the  poste- 
rior margin,  but  without  any  median  spine. 

kSecoiul  and  third  segments  of  the  abdomen  with  the  infero-lateral 
angles  acute.  In  all  the  specimens  examined,  there  aiv  four  doi*sul 
spin(*s  upon  the  Iburih  segment  of  the  abdomen,  two  median  and  one 
lateral  each  side;  six  upon  the  lilth  segment,  two  median  and  two  lateral 
each  si(h> ;  and  u])on  the  sixth,  a  lateral  each  side  and  no  median.  The 
number  of  these  spines  is,  however,  very  hkely  subject  to  some  variation 
us  in  the  G.  Um/uvus.  Outer  ramus  of  the  posterior  caudal  stylets  about 
li^•e  times  as  long  as  broad,  and  with  only  a  few  and  small  marginal 
spines  5  the  terminal  segment  short  and  stout.    Inner  ramus  consider- 


\ 


/ 


SMITH.]  ZOOLOGY — ^AMPHIPOD   CRUSTACEANS.  611 

ably  shorter  than  the  basal  portion  of  the  outer.  Divisions  of  the  tol- 
son  with  two  or  three  terminal  spines  each,  and  a  single  spine  about 
the  middle  of  the  outer  margin. 

Length  from  front  of  head  to  tip  of  telson,  lO'""  to  lo"". 

Wahsatch  Mountains,  Utah ;  L.  E.  liicksecker,  collector  (collection 
Peabody  Academy  of  Science). 


EXPLANATION  OF  PLATES. 

Plate  I. 

Fig.    1. — HyaleUn  inermisy  female ;  lateral  view,  enlarged  IG  diameters. 
2. — The  same,  male ;  terminal  portion  of  one  of  the  second  pair 

of  thoracic    legs,   seen   from   the  outside,  enlarged  50 

diameters. 
3. — Hyaldla  dentata,  adult  male ;  terminal  portion  of  one  of  the 

second  pair  of   thoracic    legs,   seen  from  the  outside, 

enlarged  50  diameters. 
4. — The  same,  young  male;  3.7°""  long;   terminal  x>ortion  of 

the  corresponding  leg,  enlarged  50  diameters. 
5. — The  same,  adult  male;  maxillipeds,  seen  from  above,  enlarged 

SO  diameters.    The  hairs  are  omitted  from  the  palpus  on 

one,  side. 
6. — The  same,  adult  male;  one  of  the  first  pair  of  thoracic  legs 

with  its  epimeron,  seen  from  the  outside,  enlarged  50 

diiimeters. 

Plate  II. 

Fig.    7. — Gammarus  rohustus^' femaie ;  lateral  view,  enlarged  5  diam- 
eters.   (The  secondary  flagellum  is  figured  upon  the  first 
instead  of  the  last  segment  of  the  peduncle  of  the  anten- 
nula  by  a  mistake  of  the  engraver.) 
8. — The  same,  male ;  llagellum  of  one  of  the  antenna*,  enlarged 

25  diameters. 
9. — ^The  same,  male ;  terminal  portion  of  one  of  the  first  pair 
of  thoracic  legs,  seen  from  the  outside,  enlarged  26  diam- 
eters. 

10. — The  same,  male ;  same  portion  of  one  of  the  second  pair  of 
thoracic  legs,  enlarged  25  diameters. 

11. — The  same,  feoiale ;  terminal  portion  of  oue  of  the  first  pair 
of  thoracic  legs,  seen  from  the  outside,  enlarged  25  diam- 
eters. 

12. — The  same,  female ;  same  portion  of  one  of  the  second  pair 
of  thoracic  legs,  enlarged  25  diameters. 

13. — Oammarus  limnceusj  male,  from  lake  near  Long's  Peak ;  ter- 
minal portion  of  one  of  the  first  pair  of  thoracic  legs,  seen 
from  the  outside,  enlarged  20  diameters. 

14. — The  same,  male  from  the  same  locality ;  same  portion  of 
one  of  the  second  pair  of  thoracic  legs,  enlarged  20  diam- 
eters. 
(All  the  figures  drawn  by  S.  I.  Smith.) 


DESCRIPTION  OF  A  LERN.EAN  CRUSTACEAN  (ACHTHERES  CAR- 
PENTERI)  OBTAINED  BY  LIEUT.  W.  L.  CARPENTER,  IN  1873, 
IN  COLORADO. 


By  A.  S.  Packaki),  Jr.,  M.  D. 


CRUSTACEA. 


Achtheres  Carpenteri^  n.  sp.  (Fi^.  1.) — Head  about  half  as  loDg  aa  the 
body,  with  very  minute  conical  antenna* ;    the 
antennal  region  forming  a  hirge  rounded  lobe. 
The  jaws  large,  finger-shaped.     Anchor,  or  jaw- 
feet,  large,  widely  separate;  the  space  between 
t  bem  being  narrow-oval,  and  united  by  the  sucker, 
which  is  of  the  general  shape  of  AchthcrcH,    Ab- 
domen rounded-oval,  one-half  longer  than  thick, 
with  indications  of  three  segments;  the  sutures 
nearly   obsolete,    however.    Egg-sacs   a    little  T 
longer  than  the  abdomen,  regularly  cylindrical,! 
containing  from  about  forty  to  sixty  eggs,  the 
eggs  nearly  one-half  the  diameter  of  the  arms  of 
the  anchor-feet.    Uniformly  pale-white. 

Length  of  body  without  egg-sacs,  0.15  inch ; 
with  egg-sacs,  0.25  inch.    This  should  ])erhaps  be 
regarded  as  the  t>'pe  of  a  subgenus  of  AchthereSj 
which  it  resembles  more  nearly  than  Lerncoocera. 
The  segments  of  the  abdomen  are  very  faintly     ^^^t**®^  Carpent^ri. 
indicated,  and  in  the  form  of  the  head  and  appendages,  and  their  degree 
of  development,  it  seems  intermediate  between  Achtheres  percarum  and 
Canlojcenus  stygUis^  Cope,  from  Wyandotte  Cave,  Indiana. 

Taken  from  trout.  East  liiver,  August  29  (W.  L.  Carpenter), 


SYNOPSIS  OF  THE  FRESH-WATER  PHYLLOPOD  CRUSTACEA  OF 

NORTH  AMERICA. 


By  a.  S.  Packard,  Jr.,  M.  D 


Tbat  group  of  Crmtacea  (crabs,  lobster,  sbriinpa,  water-fleas)  known 
as  Phyllopoda^^  is  so  called  from  the  leaf-like  nature  of  the  feet,  which 
are  broad,  flat,  two  or  three  lobed,  and  adapted  for  swimming  and  tiJi- 
purposes  of  respiration  rather  than  for  walking.  While  the  number  of 
feet  in  the  lobster  and  crabs  (Decapoda)  is  limited  to  Ave,  in  the  phyllo- 
pods  the  number  ranges  from  ten  to  sixty,  exclusive  of  the  antennie  and 
jaws.  The  thoracic  and  abdominal  regions  are  merged  into  each  other, 
and  there  is  no  special  distinction  in  form  of  the  appendages.  One  of 
the  most  distinctive  characters,  however,  in  all  except  the  highest  family, 
BranchipodidcVj  is  the  large,  loose  carapace,  which  is  attached  by  a  mus- 
cle to  the  head,  and  elsewhere  loosely  covers  the  thorax  and  the  base  of 
the  abdomen ;  in  the  lower  forms  {Etttheriadw),  this  carapace  becomes 
enlarged,  double,  and  folded  on  the  side  of  the  compresseil  body  of  the 
animal,  protecting  it  as  completely  as  a  clam-shell  its  occupant;  and  so 
striking  is  the  resemblance  to  the  bivalve-shells,  especially  the  small 
fresh  water  forms,  such  as  Cyclas^  that  they  are  often  mistaken  for  theiii 
by  collectors  of  shells. 

The  lower  forms,  such  as  Lymnetis^  have  only  ton  pairs  of  swimming- 
feet,  with  the  body  entirely  enclosed  by  the  shell,  and  are  not  much 
higher  in  structure  than  the  water-fleas  {Cladocera),  such  as  Dapvia 
and  Sida  (Fig.  1),  and  are  scarcely  larger,  being  about  a  line  in  length. 

The  eggs  of  the  phyllopods  are  round,  and  juotected  by  a  hard  shell, 
sometimes,  as  in  Limnadiiij  rough  and  polygonal.  Why  the  egg-shells  are 
so  dense  and  tough  will  be  seen  below,  when  we  speak  of  the  singular 
mode  of  life  of  these  animals.  The  eggs  are  borne  about  by  the  females. 
In  Brancliipus  and  Artemiciy  they  are  carried  in  special  egg-sacs,  usually 
long  and  slender,  attached  to  the  base  of  the  abdomen.  In  Ax>us^  the 
eggs  are  few  in  number,  and  contained  in  an  orbicular  sac,  formed  by 
the  adhesion  of  two  of  the  circular  lamella*  of  the  eleventh  pair  of  feet. 
In  the  Limnadiadiv  there  is  no  egg-sac,  but  the  eggs  are  situated  loosely 
on  top  of  the  back,  under  the  shell,  and  held  in  place  by  little  filaments 
arising  from  the  legs. 

The  young,  when  hatched,  arc  more  or  less  oval  in  form,  and  with  but 
two  or  three  pairs  of  feet;  the  first  two  pairs  of  these  feet  representing 
the  antennae  of  the  adult.  The  young  is  called  a  Naupliusj  from  its 
resemblance  to  the  young  {NaupHuH)  of  the  copepodous  Crustacea  (^w- 
tomostraca).  Fig.  2  a  represents  the  N..uplius  of  Branchipm  {Artemki 
has  a  similar  larva),  and  b  that  of  Apus,  The  young  of  Limnadia  has 
but  two  pairs  of  appendages,  with  an  enormous  hypostoma,  or  upper 
lip. 

The  difllerence  between  tlio  sexes  is  always  well  marked.  In  Branch t- 
pus  and  Artemia,  the  second  antennai!  are  converted  into  large-clasping 
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ai)i)oii(lii«:os,  soinetiinos  brfinclHMl,  as  in  Sireptocqyhalus  (Fi*j:.  13),  while 
in  the  t'oinalo  tliey  are  simple  and  end  in  a  mucronate  ])oint.  lu  Apn^^ 
the  sexual  differences  consist  in  the  rounded  egg-saes  ot  the  female  on 
the  eleventh  feet;  in  the  family  of  which  TAmnad'm  is  the  type,  the  first 
pair  of  swimniintr-ieet  in  the  male  end  in  large,  clumsy  hooks,  adaptecl 
as  elasping-organs. 

^^o\v,  besides  the  ordinary,  normal  mode  of  reproduction,  several 
gentna  of  the  ])hyllopods  are  known  to  reproduce  by  what  is  termed  by 
Professor  Owen  parthenogenesis^  or  virgin  reproduction ;  i.  e.,  the  eggn 
arise  from  the  ovary  by  a  budding  proct^ss,  like  the  budding  of  leaves 
on  a  tree,  through  the  simple  muitii)lication  of  cells,  without  fertiliza- 
tion by  the  male  spermatic  cell.  Tliis  occurs  in  several  insects,  as  in 
the  Aphis,  the  honey-bee,  the  silk-moth,  &c.,  and  in  Daphnia,  the  water- 
flea,  w  hi(jli  is  closely  allied  to  Sida  (Fig.  1),  and  in  other  EntomoHtracaj 

A  Russian  naturalist,  Schmankic^witscli,  in  1872,  discovered  a  variety 
of  '' Branchipus  ^  (Artemia)  Arietinus,  near  Odessa.  In  tlie  summer 
and  autunni  of  the  year  before,  he  noticed  that  this  Artemia  changed  its 
form,  corresponding  to  the  greater  or  less  saltness  of  the  water.  In  snm- 
nier,  when  the  water  was  most  salt,  there  was  a  retardation  in  growth  ; 
and  this  retard.atiou  was  the  more  evident  the  higher  the  temperature 
and  the  more  concentrated  the  solution  of  salt.  Toward  the  end  of  the 
summer,  when  heavy  rains  set  in  and  the  temperature  decreases,  the 
Artemia  becomes  larger,  loses  its  red  and  gray  (?olor,  and  becomes  clear 
and  transparent,  so  that  the  fluly  generation  has  important  dittorence^ 
from  that  which  appears  in  >iovember.  In  order  to  observe  this  phe- 
nomenon carefully,  he  undertook  the  artificial  bnn^ding  of  the  Artimiia 
in  two  different  ways.  In  one  vessel,  he  increased  the  saltness  of  the 
water  U[)  to  18^  Laume;  in  another,  he  reduced  the  solution  to  3°,  and 
thus  reared  several  generations.  In  both  cases,  he  remarked  that  each 
new  generation  easily  lived  in  such  a  concentrated  solution  as  the  pre- 
vious generation  could  scarcely  live  in.  By  raising  them  in  so  different 
solutions  (18^  and  '^^  I»aume),  very  differerent  forms  of  Artemiu  wei*e 
obtained,  which  were  not  to  be  found  in  their  original  pond. 

"  While  carrying  on  these  observation vS,  he  at  the  same  time  proved 
that  a  parthenogenetic  n^production  exists  in  Artemia.  Each  time,  both 
in  the  great  increase  of  the  weak  solution  as  w^ell  as  in  the  greatly 
increased  saltness  of  the  water,  the  females  produced  new  generations, 
despite  the  al)sence  of  the  males.  Under  these  relations  of  the  solu- 
tions, in  warm  weather,  only  females  were  produced.  These  females 
l)roduced  in  similar  breeding-Jars  only  female  off'spring.  Only  in  water 
of  medium  strength  were  produced  males." 

As  a  further  illustration  of  the  infbuMice  of  physico-chemical  surround- 
ings on  the  organization  of  these  animals  T  w-ill  again  quote  from  the 
abstract  of  the  remarks  of  our  author.  *^  In  the  salt-pools  in  the  neigh- 
bcuhood  of  Limans  (near  Odessa),  he  found  in  the  spring,  together  with 
Branehipus  (Artemia) fero.v,  Gr.,  a  very  pe(.'uliar ^4r/rmm,  which  he  thought 
was  undescribed.  lie  thought  from  certain  characters  that  this  species 
belongc^d  to  the  higher  group  of  Branchi2)us.  In  this  form,  he  observed 
some  strange  differences  in  the  stnurture  of  the  sexual  organs,  changes 
which  could  scarcely  be  regarded  as  pathological.  Usually,  the  horns 
(lower  antenna*)  of  the  females  are  small,  but  in  the  old  females  they  an^ 
clearly  elongated,  and  are  very  much  like  the  claspers  of  the  males.  Still 
earliei'  appears  a  striking  change  in  the  structure  of  the  genital  organs, 
when  in  some,  characteristics  of  the  male  organs  app(»ar.  In  like  man- 
ner, the  sexual  organs  are  clearly  changed  in  the  old  males;  and,  in  the 
sacs  in  which  the  outer  sexual  organs  lie,  we  find  a  space  which  is  very 
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similar  to  the  ovisac  of  the  young  Branchipus  feroxj  Gr.  In  sucb  old 
males,  tlie  spermatic  particles  are  very  clearly  cDlarged.  How  i'ar  these 
changes  could  go  on,  he  could  not  say,  since  this  Branchipus  isshort-lived. 
These  changes  in  the  sexual  organs  are  especitiUy  marked  in  old  indi- 
viduals; and  he  further  remarks  that  such  misshapen  forms  often 
occurred  in  the  salt-i)Ools  after  heavy  rains."  (Siebold  and  Kolliker's 
Zeitschrifr,  1872,  p.  293.) 

Such  facts  as  these  show  how  desirable  collections  in  very  large  num- 
bers, at  diflerent  seasons  of  the  year,  and  from  diflerent  localities,  are 
for  the  proper  study  of  these  animals.  Moreover,  they  are  among  the 
most  important  facts  showing  how  new  generic  and  specific  forms,  as 
well  as  an  unusual  mode  of  a  sexual  reproduction,  arise  in  consequence 
of  changes  in  the  physical  surroundngs  of  animals. 

Von  Siebold,  in  his  second  work  on  parthenogenesis,  has  ascertaine<l 
that  Apus  also  reproduces  by  this  virgin  reproduction.    Already,  in 
185G,  Siebold  had  stated  his  supposition  that  Apus  cancriformis^  Lim- 
nadia  QUfas^  and  Polyphemus  ocultts,  in  which  species  no  males  had  been 
observed,  presented  examples  of  true  parthenogenesis,  and  were  not  to 
be  regarded  as  bud-pioducing  "nurses''  in  a  so-called  alternation  of 
generations.    Leuckart  subsequently  expressed  the  same  opinion  with 
regard  to  the  reproduction,  independent  of  males,  observed  in  Daphnia^ 
Apns^  and  LimiuuUa.    Ever  since  that  ])eriod,  Siebold  has  continually 
kept  an  eye  upon  Apus.    In  1858,  the  males  of  Apus  were  discovered  by 
Kozubowski,  and  Siebold  received  specimens  from  various  localitie^. 
He  thus  learned  to  distinguish  with  perfect  facility  the  two  sexes,  au|l 
was   enabled  now  to  convince  himself  that,  as  with  tbe  Lejjidoptera 
above  spoken  of,  so  with  Apusj  broods  occur  which  are  entirely  destitute 
of  males,  and    go  on   reproducing  parthenogenetically,  wliile  other 
broods  occur  in  which  both  sexes  are  present.    The  number  of  Apus 
of  two  si)ecies — Apus  cancriforuHs  and  Apus  producius — examined  by 
Siebold  amounts  actually  to  some  thousands.    He  received  quantities 
taken  from  various  i)onds  in  Middle  Europe  (Apus  occurs  in  shallow 
pools  which  dry  uj)  during  parts  of  the  year,  and  it  can  be  taken  in 
immense  quantities),  and  had  the  opportunity  of  studying  one  i)ond — 
that  at  Gossberg,  near  Munich — with  minuteness,  from  the  year  18(i4  to 
the  year  18(59,  inclusive,  besides  casual  examinations  of  the  same  pond 
in  1857  and  1858.    Time  after  time,  taking  several  hundreds  of  IhaApus 
jroui  the  pond,  he  never  found  a  single  male  among  them.    On  one 
oc<;asion,  he  had  the  whole  contents  of  the  little  pond  removed  with  the 
greatest  care,  so  as  to  feel  sure  that  he  had  obtained  every  Apus  present, 
lie  obtained  on  this  occasion  5,79G  specimens  of  Apu^^  every  one  ofwhich^ 
heinfi  carefully  examined^  proved  to  be  a  female.    At  the  same  time,  2,570 
specimens  of  Branchipus  were  obtained  from  the  pond,  which  were,  as 
usual,  of  both  sexes.    In  those  cases  where  ponds  afforded  both  males 
and  females  of  Apus^  it  is  remarkable  that  the  proportion  of  the  sexes 
w  as  very  variable.    The  highest  proportion  of  males  appears  to  be  in 
a  case  recorded  by  Sir  John   Lubbock,  who  found  33  male  and  39 
female  Apus  productiLS  in   a  pond   near  Eouen ;    while  among   193 
specimens  of  Apus  cancriformis,  from  a  locality  near  Krakou,  only  one 
male  occurred.    What  is  most  important  about  this  variation  in  the 
l)roportion  of  males  to  females  is  that  in  two  or  three  localities,  furnish- 
ing mixed  generations  of  Apus^  from  which  he  has  received,  year  after 
year,  numbers  of  specimens,  Siebold  has  observed  an  apparent  con- 
stantly augmenting  disproportion  of  males  to  females,  and  he  is  led 
to  the  supposition  that,  in  these  ca«es,  the  males  will  at  last  cease 
altogether,  and  thus  a  female  generation  be  produced,  which  will  con- 
tinue to  reproduce  itself  parthenogenetically,  as  in  the  Gossberg  and  a 


GIG  GEOLOGICAL   SURVEY   OF   THE   TERRITORIES. 

great  munberof  other  poiuls.  This  is,  however,  by  no  inet'iiis  proved; 
1111(1  we  have  no  idea  at  present  as  to  how  the  males  may  make  tlieir 
appearance  again,  or  what  are  the  conditions  aftecting  their  develoi>- 
ment  and  extinction.  It  occurred  to  Siebold  that  an  objection  ini^ht  Ihb 
urged  against  parthenogenesis  in  Aputt,  in  that,  althongh  he  exauiiued 
consecutive  generations,  and  found  them  always  female,  he  could  not 
be  sure  tlnit  males  had  not  been  present  before  he  took  his  specimens, 
and  had  not  died  and  decomposed  after  having  fertilized  the  females. 
To  meet  such  an  objection,  he  first  made  himself  thoroughly  acciuaiiited 
with  the  male  generative  organs  and  the  spermatozoa,  and  seeoudly 
with  the  ovaries  and  their  development.  lie  found  the  spermatozoa  tio 
he  motionless  like  those  of  other  Cntfftacea,  and  he  never  succeeded  in 
detecting  any  of  them  in  the  female  genitalia  among  the  specimens 
belonging  to  supi)osed  female  generations.  I5ut  he  equally  failed  to 
tind  si)ermatozoa,or  a  receptacle  for  them,  in  the  female  genitalia  of  the 
specimens  of  mixed  generations,  and  therefore  no  conclusion  could  be 
drawn  Irom  the  observation.  The  structure  and  development  of  the 
ovum,  however,  made  this  observation  decisive,  since  it  was  found  that 
an  egg-shell  forms  round  the  ovum  in  the  uterus,  and,  in  the  absence  of 
a  micropyle,  fertilization,  if  it  takes  place  at  all,  must  be  accomplished 
before  this  shell  is  harilened.  A  further  proof  of  another  kind  was 
obtained  by  experiment.  Having  removed  eggs  from  females  which 
certainly  at  the  time  contained  no  spermatozoa,  Siebold  placed  them  in 
a  small  tank,  and  from  the-se  obtained  Apus  embryos.  Others  were 
n»ared  to  maturity  from  eggs  taken  in  the  pond. 

The  relative  size  of  male  and  female  is  a  question  about  which  there 
is  some  interest;  diUerences  which  have  been  observed  seem  to  depend 
on  the  fact  that  A2)hh  continues  growing  as  long  as  the  pond  in  which  it 
lives  does  not  dry  up.  And  hence  the  eggs  which  hatch  soonest  give 
the  largest-sized  progeny.  In  his  tabular  statements,  Siebold  gives 
measurements  of  the  si)ecimens  examined  by  him  at  dillerent  times  tvom 
various  localities. 

As  to  the  oth(»r  crustaceans  named,  which  are  Artemia  saUna  and 
Limnadia  Jlcrmannl,  the  occurrence  of  parthenogenetic  broods  is  infer- 
red from  the  descriptions  of  other  writers  whose  works  are  criticised  at 
some  length,  and  also  from  examination  of  specimens.  It  seems  not 
imi)ossible,  from  an  observation  of  Zenker,  that  in  AriemUi  nalinu  i)ar- 
thenogenetic  alternate  with  digenetic  broods.  In  the  beginning  of  the 
year  Lsr>l,  this  observer  found  thiee  males  among  one  hundred  females; 
later,  in  July,  the  same  pond  furnished  thousands  of  females,  but  not  one 
male. 


It  seems  that  males  and  femah\s  in  this  country  have  occurred  in 
ApuH  loiujkantlatm  and  ApuH  i>?/rY^vf?/l?/«,  but  the  males  occurred  in  a 
lot  of  A.aiqualiff  from  Kansas.  It  would  appear  as  if  the  males  from 
Kansas  must  be  those  of  A.  (vqfMlls;  but  they  were  undistinguishable  iu 
form  from  A.  LucasanuH  from  Ca])e  Saint  Lucus.  Further  observations 
are  needed  to  clear  up  the  matter.  More  material  from  the  Western 
States  is  greatly  needed ;  and  as  much  has  been  already  contributed 
by  Dr.  Ilayden,  it  is  to  be  hoped  that  the  surveying  parties  sent  out 
under  his  dirt»ction  may  collect  hugely  of  them. 

This  le^ids  to  the  subject  of  the  geographical  distribution  of  the  fresh- 
water phyilopods  of  ^'orth  America.  Thus  far  no  sjiecies  of  Apus  has 
been  found  in  the  United  States  ea^st  of  the  Mississippi  nor  in  British 
America.  In  Greenland  and  Arctic  America,  the  Lepidurus  glacialia 
occurs.    In  the  West  Indies,  Apm  Domiugcnsis  occurs  at  San  Domingo. 
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West  of  the  Mis8i88ippi,  tbree  species  are  known  to  inhabit  the  re^^cion 
east  of  the  Rocky  Mountains,  aiid  a  fourth  has  occurred  on  the  Pacilic 
slope  at  Cape  Saint  Lucas. 

Of  the  family  BranchipodidWj  species  occur  scattered  over  the  whole 
country,  though  no  Branchipus  has  yet  been  discovered  in  the  Pacific 
States.  An  Artemia  occurs  in  Mono  Lake,  California,  and  the  Great 
Salt  Lake.  The  genus  Branchinectes^  with  one  species  in  Greenland  and 
another  in  Labrador,  is  also  represented  by  an  interesting  form  in  Colo- 
rado, at  an  elevation  of  32,500  feet. 

Of  the  family  lAmnadiculw^  species  occur  scattered  over  the  whole 
country,  east  and  west  of  the  Rocky  Mountains,  in  British  America,  and 
the  West  Indies.  In  the  Pacific  States,  but  one  species  (Estheria  Cali- 
fornica,  Pack.)  has  occurred,  and  that  is  very  unlike  any  eastern  species 
as  yet  discovered,  and  closely  resembles  an  Italian  species,  thus  bearing 
out  the  analogy  of  the  Pacific  coast  fauna  to  that  of  Europe. 

The  geological  distribution  of  the  fresh-water  phyllopods  is  exceed- 
ingly interesting.  The  oldest  foims  are  the  Estherice^  which  occur  as 
low  down  as  the  Devonian  formation  in  Europe,  while  certain  forms  in 
the  Mesozoic  beds  of  this  country  have  been  described  as  bivalve  moUusks. 
The  genus  Apus  occurs  in  Enropean  Triassic  rocks.  The  fresh-water 
strata  of  Mesozoic  and  Tertiary  age,  especially  in  the  West,  will  undoubt- 
edly ,  when  thoroughly  explored,  reveal  some  of  these  forms,  and  the 
attention  of  paleontologists  and  collectors  is  hereby  drawn  to  them. 

The  habits  of  these  crustaceans  are  exceedingly  interesting  from  their 
unusual  dependeuce  on  physical  surroundings.  They  usually  abound 
in  pools  and  puddles  that  dry  up  in  warm  weather  ]  when  the  ik)o1s  are 
filU»d,  after  a  series  of  heavy  rains,  they  suddenly  appear.  They  are  very 
local,  rarely  met  with,  but  when  they  do  occur,  exist  in  large  "numbers. 
This  singular  appearance  after  rains,  in  the  beds  of  pools  that  have 
dried  up,  is  due  to  the  wonderful  vitality  of  the  eggs,  which  are  sur- 
rounded by  a  dense  outer  shell,  enabling  them  to  resist  great  changes  in 
temi>erature,  and  to  be  dried  up  for  months  without  injury.  Thus  the 
eggs  dropped  in  the  bottom  of  i)ools  and  left  there  during  the  hot  sum- 
mer-months, when  the  pool  is  dried  up,  survive  tlie  exposure  to  the  sun 
and  the  cold  of  winter  to  hatch  out  in  the  spring.  Dr.  Brauer,  of 
Vienna,  believes,  as  he  has  informed  me,  from  certain  exjieriments  on 
EstJieria,  that  the  eggs  would  live  and  hatch  if  kept  in  dry  mud  for 
several  years.  Artemia,  Avhich  lives  in  salt-water,  can  be  reared  by 
putting  the  eggs  in  fresh  water.  And  here  I  would  ask  any  one  who  is 
so  situated  to  send  me  a  quantity  of  mud  from  the  banks  of  Salt  Lake, 
Utah,  containing  their  eggs;  the  mud  t<iken  from  the  edge  of  the  lake, 
at  any  season,  must  teem  with  their  eggs,  and  it  could  be  dried  and  sent 
east  by  express.  On  receiving  it,  and  placing  the  mud  in  fresh  water, 
this  interesting  animal  can  be  reared  and  studied  at  leisure.  We  have 
seen  that  these  creatures,  in  one  species,  at  least,  like  the  plant-lice,  re- 
produces parthenogenetically  at  one  season,  and  by  the  normal  mode  at 
another,  and  thus  some  of  the  most  interesting  questions  in  biology  may 
be  studied,  and  perhaps  settled  by  a  thorough  study  of  the  mode  of  life 
of  these  interesting  creatures. 

I  append  a  brief  synopsis  of  the  fresh-water  species  of  America  north 
of  Mexico,  beginning  with  the  lowest  forms,  so  that  they  may  be  readily 
identified ;  and  I  hoi>e,  by  drawing  the  attention  of  individuals  and 
government  surveying  parties,  especially  in  the  Far  West,  to  these  in- 
teresting animals,  to  have  their  co-operation  in  the  preparation  of  a 
monograph  of  the  group.  Specimens  should  be  coUeeted  by  hundreds, 
as  they  always  occur  in  great  abundance  when  found  at  all,  and  placed 
in  strong  alcohol  for  permanent  preservation. 
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SYNOPSIS  OF  THE  FRESH-WATER  PHYLLOPODA  NORTH  OF  MEXICO. 

Order  Phyllopoda, 

Family  1,  Estheriad^e. — Body  compressed,  with  from  10  to  27  feet, 
inclosed  iu  a  bivalve-shell. 

Limnetin. — Shell  smull,  less  than  two  Hues  in  length,  round,  globose, 
without  lines  of  growth  or  iiml>ones ;  feet-bearing  segments  from  10 
to  12.     (Fig.  3.) 

L.  Gouldiij  Baird  (Annals  and  Mag.  Nat.  Hist.,  18G2,  p.  303).— Shell 
with  numerous  deep  punctures  scattered  over  the  surface,  witb  the  place 
of  insertion  of  the  adductor  muscle  very  smooth  and  shining.  Canada 
and  Massachusetts. 

X.  (jracUicorniHy  Pack.  (Amer.  Journ.  Sc,  1871). — Ditt'ers  from  L. 
Oouldii  in  the  long,  slender,  second  antennie,which  have  about  20  joints. 
The  keel  on  the  front  of  the  head  does  not  reach  to  the  front  edge, 
while  in  X.  Gonldii  it  does;  shell  of  the  same  form,  but  much  larger 
than  in  L.  GouldiL  Length  of  shell,  0.17  inch ;  breadth,  0.10  inch. 
Texas.    In  freshwater  pools. 

Lhnnadia, — Shell  large,  with  few  (4  or  5)  lines  of  growth,  subtriangu- 
lar  or  broadly  ovate  ;  animal  with  a  knob  like  projection  ('*  Uaftorgan  ^) 
above  the  eyes;  second  antennae  with  9  or  10  joints  to  the  tlagella; 
from  18  to  20  feet.  Males  (only  known  in  an  Australian  species,  Glaus.) 
with  large,  clumsy  hooks  on  the  ends  of  the  first  pair  of  swimming-feet ; 
body  much  smaller  than  in  UstJieria. 

L.  Americana^  Morse  (Proc.  Bost.  Soc.  Nat.  Hist.),  (Fig.  4). — Shell  large 
broad-oval,  with  18  lines  of  growth,  smooth  and  shining ;  allied  to  L. 
ffigas  of  Europe.    Length  of  shell,  0.55  inch.    Massachusetts. 

L,  {EuUmnadia)  Agamizii^  Pack.  (Sixth  Kep.  Peab.  Acad.,  1874),  (Fig. 
5). — Shell  narrow-ovate,  rather  prominent  behind  the  umbones,  with  4 
lines  of  growth.  Animal  with  18  feet,  and  antennie  with  9-jointed 
flagella.    Length  of  shell,  0.25  inch.    Penikese  Island,  Massiichusetts. 

L,  {EuUmnadia)  Texa7ia,  Pack.  (Amer.  Journ.  Sc,  1871). — Shell  nar- 
rower than  in  X.  AgaH^izii^  more  oblong,  with  5  Hues  of  growth. 
Animal  with  10  joints  in  the  llagella;  18  pairs  of  feet;  and  with  a 
larger  telson  than  in  X.  Agasnizii,  Length  of  shell,  0.27  inch.  Texas. 
"  Quite  common  iu  many  places  in  Western  Texas  in  the  early  spring. 
It  occurs  in  muddy  pools  made  alter  rains,  and  totally  disappears  with 
the  first  drying  of  the  i)Ools;  occurred  with  XiWMCfwr  aud  iStreptooepha' 
his,^ — ( Bel  frage. ) 

Limnadella  coriacea  (Ilaldeman). — This  genus  was  founded  by  Girard 
(Proc.  Phil.  Acad.  N.  S.,  1854,  p.  3)  under  the  name  Limnadella  Kitci, 
It  was  previously  described  by  Ilaldeman  as  Limiuidia  coriacea  in  the 
same  proceedings  (vol.  1,  p.  184, 1842).  It  is  said  to  have  the  eyes  united 
into  one,  with  24  pairs  of  feet.  Shell  elliptical;  light  or  dark-brown, 
spotted  with  black,  three  lines  in  length.  Ohio  and  Pennsylvania. 
Grube  thinks  this  may  iwssibly  be  a  species  of  Esthcria.  It  is  very 
desirable  to  rediscover  this  species. 

Efstheria. — Shell  oval,  more  or  less  globose,  CyclasWkQj  with  numer- 
ous lines  of  growth,  amber-colored.  Animal  without  a  haftorgan ;  second 
antennjc  with  from  11  to  17  joints  to  the  flagclla ;  from  25  to  27  seg- 
ments in  the  body  behind  the  head,  and  24  to  28  feet ;  anterior  feet  in 
the  males  with  clumsv  hooks. 

E.  Californica,  Pack.  (Sixth  Eep.  Peab.  Acad.  Sc,  1874),  (Fig.  6).— 
Shell  remarkably  thin,  so  that  at  first  sight  it  would  be  mistaken  for  a 
Limnadia,  sub  triangular;  umbones  very  small,  situated  much  ue^irer 
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than  usual  to  the  anterior  edge ;  18  lines  of  growth,  with  verj^  fine  granu- 
lations between  them.    Length,  0.45  inch.    California. 

E.  Clarkiij  Pack.  (Sixth  Hep.  Peab.  Acad.  Sc,  1874),  (Fig.  7).— 
Shell  oblong-oval,  thin,  about  two-thirds  as  broad  as  long,  with  the 
umbones  rather  prominent,  oblique,  sitaiited  on  the  anterior  fourth  of 
the  shell.  About  20  lines  of  growth.  Unusually  fine  microscopic  punc- 
tures between  the  lines.  Length,  0.45  inch.  Male  shell  narrower,  and 
with  rather  more  prominent  umbones  than  in  the  female.  Animal  with  14 
joints  in  antennal  llagella;  each  joint  along  the  middle  with  it  or  7  spines 
above,  and  3  or  4  stout  hairs  beneath ;  22  pairs  of  swimming- feet ;  tel- 
son  with  20  pairs  of  unequal  spines;  claws  of  male  long  and  much 
curved;  telsou  larger  than  in  the  other  sex.  Ohio,  Kentucky,  Kansas. 
May  and  later.  Ditfers  from  U.  Caldwelli  in  the  flatter  shell,  and  smaller 
umbones,  while  the  interstices  between  the  lines  are  much  less  coarsely 
punctate. 

E,  Caldicelliy  Baird  (Proc.  Zool.  Soc.  London,  1862,  p.  148). — Umbones 
situated  almost  in  the  middle  third  of  the  shell,  broad,  and  directed  a 
good  deal  anteriorly ;  shell  very  globose ;  lines  of  growth  numerous, 
thickly  punctured  between  them ;  0.40  inch.    Lake  Winnepeg,  Gnibe. 

E,  Morseiy  Pack.  (Amer.  Journ.  Sc,  1871). — Shell  intermediate  in 
form  between  E.  Caldicelli  and  E.  I>un1ceri,  Baiixl,  from  Zimapan,  Mexico. 
Much  swollen ;  oblong-oval,  ])ale  horn-eolor,  umbones  large,  promi- 
nent, larger  than  in  E.  Caldicelli^  much  less  oblique,  and  situated  near 
the  anterior  end  of  the  shell.  Dorsal  margin  shorter  than  in  E,  Cald- 
Kelli,  and  in  front  of  the  umbones,  instead  of  being  straight  <and  sud- 
denly curved  downward,  is  regularly  rounded,  as  in  E.  l>unJcerL  Punc- 
tures between  the  lines  of  growth  on  an  average,  in  the  middle  of  the 
shell,  from  5  to  10  in  number.  Length,  0.50  inch.  Six  specimens  from 
*'  Grindstone  Creek,  half-way  from  Fort  Pierre  to  the  Bad  Lands," 
Dakota.    Collected  by  Dr.  Ilavden  (Mus.  Chicago  Acad.  Sc), — Iowa. 

E.  Belfragei,  Pack.  (Amer.  Journ.  Sc,  1871),  (Fig.  8).— Shell  thick, 
very  globose,  with  the  umbones  prominent,  situated  at  the  anterior 
third  of  the  sliell;  dorsal  edge  straight  behind  the  umbones,  bent  rather 
suddenlv  downward  at  two-thirds  of  the  distance  from  the  umbones  to 
the  posterior  end,  the  end  being  full  and  rounded,  22  lines  of  growth, 
between  which  the  shell  is  coarsely  punctuate,  from  5  to  8  dots  (when 
l)laced  in  a  straight  line)  between  the  lines.  Length,  0.30  inch ;  flagella 
with  10  joints;  15  pairs  of  spines  on  the  telson.    Texas. 

E,  JoticHiiy  Baird  (Proc  Zool.  Soc.  London,  1862,  p.  147). — A  number 
of  individuals  of  this  siK^cies,  which  do  not  differ  from  specimens  from 
Cuba,  received  from  Dr.  von  Martens,  of  the  Berlin  museum,  belong 
to  the  Chicago  Academy,  and  are  marked  in  Dr.  Stimpson's  handwriting 
''  Locality  lost."  As  no  other  specimens  from  the  WeM  Indies  occur  in 
the  collection  received  from  Dr.  Stimpson,  it  indicates  that  E.  Jonesii 
may  possibly  occur  in  the  Southern  States  or  Central  America.  The  only 
habitat  as  yet  known  is  Cuba. 

Family  2,  AroDiD^. — Of  large  size,  with  a  rounded  carapace,  partially 
covering  the  base  of  the  abdomen,  which  is  elongated,  and  ends  in  two 
long,  many  jointed,  caudal  filaments.  About  00  pairs  of  swimming- 
fiict.    Antenna)  rudimentary.    First  maxillipeds  antenniform. 

LepiduruH — Body  much  shorter  than  in  Apus.  First  maxillipeds 
shorter,  and  a  long,  spatnlate,  keeled  telson,  projecting  out  beyond  the 
insertion  of  the  caudal  filaments. 

L,  glacialiHj  Kroyer  (Fig.  0,  enlarged). — A  dark-greenish  species, 
which  dilfers  from  L.  productus^  Leach,  in  the  distance  from  the  front 
edge  of  the  carapace  to  base  of  hypostoma  being  nearly  one-half  less  thau 
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in  yroduiitm.  Snpraanal  plate  witb  fewer  larger  teeth.  Carapaoo  shorter. 
Length,  exclusive  of  caudal  filaments,  1  inch.  Greenland  and  Cape 
Krusenstern  (liichardsou). 

Apus, — Antenuiform  maxillipeds  long ;  telson  squarish. 

A,  wqualiH^  Pack.  (Anier.  Jonr.  Sc,  1871),  (Fig.  10). —  S,  Carapaoo 
longer  than  in  any  of  the  other  species;  eyes  larger.  Number  of  seg- 
ments behind  the  iKJSterior  edge  of  the  shield,  23.  Length  of  body  (ex- 
cluding caudal  filaments),  1.15  inches. 

9 .  The  telson  has  5  median  spines,  and  is  shorter,  while  the  caudal 
filaments  have  more  numerous  and  shorter  spines  than  in  A.  NeicherryL 
The  under  side  of  the  telson  is  much  smoother  than  in  A,  longieaudatuSj 
and  the  enter  gill  of  the  first  maxilliped  is  a  little  longer  and  more 
acute.  Number  of  segments  beyond  the  hind  edge  of  carapace,  25. 
Length  of  body  alone,  1.07  inches.  Plains  of  llocky  Mountains,  Kan- 
sas (?),  and  Matamoras. 

Apiis  Netcberryij  Pack  (Amer.  Jonrn.  Sc.,  1871). —  9.  Differs  chiefly 
fipom  A.  lonfficauilatus  in  the  shorter  maxillipecis,  and  much  louger, 
smooth  telson,  with  3  instead  of  4  median  spines,  and  in  the  smooth, 
finely-spinulated  candal  stylets,  while  the  carapace  is  longer.  Number 
of  segments  behind  the  posterior  edge  of  carapace,  29.  Length  of  body 
(excluding  caudal  filaments),  1.78  inches.     Utah. 

A2)UH  Jjucaaanvs,  Pack.  (Amer.  Journ.  Sc,  1871). —  (J.  Closely  allied 
to  A.  longivaudaius.  Maxillipeds  shorter  and  smaller;  tc^lson  longer, 
with  3  median  spines.  Anal  stylets  less  spiny  than  in  ^1.  longicau- 
datus.  Number  of  segments  behind  the  posterior  edge  of  the  carapace, 
33,     Length  of  body  alone,  0.94  inch. 

9 .  Carapace  longer  than  in  S ,  and  caudal  filaments  not  so  heavily 
spined.  Number  of  segments  behiud  posterior  edge  of  shield,  29.  Length 
of  body  alone,  0.80  inch.    Cape  Saint  Lucas.    Males  from  Kansas. 

ApiiM  longicatidattiSj  Leconte,  ^  and  9  (Annals  N.  Y.  Lyceum,  IV 
155,  1846). — In  this  species,  the  body  is  larger  and  carapace  is  shorter 
than  in  any  of  the  others.  James's  A.  obtusatus  (Long's  expedition)  is 
l)robably  this  species.  The  9  differs  from  males  in  the  shield  being 
longer,  with  28  segments  beyond  the  end  of  the  shield,  and  the  under 
side  of  the  telson  is  smootlier,  but  above,  as  in  (J;  ovisac,  O.IO  inch  in 
diameter.  Length  of  body,  1.50  inches;  of  carapace,  0.60  inch.  The  caudal 
filaments  are  smallerand  more  coarsely  spined  than  usual.  Itocky  Mount- 
ains, near  Long's  Peak  (Mus.  Yale  Coll.) ;  Texas.  Pools  near  Yellow- 
stone Kiver,  Dr.  Hayden.  "  Found  in  immense  numbers  in  a  small 
shallow  lake  on  the  high  plateau  between  Lodgepole  Creek  and  Crow 
Creek,  northeast  of  Long's  Peak." — (Leconte.) 

Family  Branchipodid^. — Body  long  and  slender,  with  no  carapace; 
eyes  stalked;  second  pair  of  antcmnae  adapted  for  clasping;  11  pairs 
of  branchial  (respiratory)  feet.  Female  with  a  large  eggpouch  att^iched 
at  the  base  of  the  abdomen.  Prof.  A.  E.  Verrill,  in  his  valuable 
"Observations  on  the  Phyllopod  Crustacea  of  the  Family  Branchi- 
I)ida* "  (Proc.  Amer.  Assoc.  Adv.  Sc,  July,  1870),  has  given  the  characters 
of  the  genera  and  species,  and  I  give  abstracts  of  his  diagnoses  of  the 
generic  and  s[)ecific  characters,  with  the  addition,  however,  of  descriptions 
of  Streptocephalus  TejcensiftamlBranchinecies  Coloraden^is^  which  have  been 
described  since  the  publication  of  his  paper. 

Arteinia.  Clasping  organs  (second  antennae)  three-jointed;  eggsac 
short,  broad ;  living  in  saline  or  alkaline  waters. 

Artmiia  graciUs^  Ven'ill  (Fig.  11,  enlarged). — Body  slender;  in  the 
male  about  0.3  inch  long  ;  in  the  female,  0.4  inch.  Claspers  of  the  male 
relatively  long  and  powerful ;  first  joint  thickened^  with  a  distinct  angle 
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at  the  articulation  on  the  outside,  and  a  short,  rounded,  nearly  semi- 
circular process  on  the  inside  near  the  base,  about  its  own  diameter  from 
the  base;  second  joiut  broad,  flattened,  continuous  with  the  third  joiut, 
strongly  curved  ;  outline  nearly  regularly  convex  on  the  outside,  until 
near  the  middle  it  suddenly  bends  inward,  forming  an  obtuse  angle, 
beyond  which  the  outline  is  concave  to  the  last  articulation,  where  it 
becomes  again  convex,  forming  on  the  last  joint  a  slight,  rounded  angle ; 
the  inner  edge  is  nearly  straight,  or  but  slightly  concave,  to  the  hist 
articulation,  where  there  is  a  slight  but  distinct  angle;  last  joint  tri- 
angular, longer  than  broad,  tapering  to  the  acute,  slightly-excurved 
point.  Ovigerous  i)Ouch  of  the  female,  when  seen  from  below,  flask- 
shaped.  "In  tubs  of  salt-water  on  railroad-bridges,  New  Haven,  Conn., 
and  Boston." — (Verrill.) 

A.  Monica^  Verrill. — "A  little  larger  and  stouter  than  A.  gracilis.  Male- 
claspers  relatively  stouter;  the  hook,  or  outer  two  joints,  being  much 
broader,  more  triangular,  and  less  elongated.  Caudal  appendages 
smaller,  and  sides  of  egg  pouch  less  angulated  on  the  sides  than  in  A* 
gracilis,^    Mono  Lake,  California. 

A.  fertilise  Verrill. — *'  Larger  than  either  of  the  others,  some  of  the  speci- 
mens being  thre^-quarters  of  an  inch  in  length.  Male-claapers  stout, 
with  the  second  joint  broader  and  more  triangular  than  in  either  of  the 
preceding  species.    Great  Salt  Lake,  Utah." — (Verrill.) 

Branchinecta, — Form  rather  slender,  with  the  median  appendages 
longest,  so  as  to  somewhat  resemble  Artetnia  in  outline,  but  larger. 
Male  with  rather  slender,  rounded,  two-jointed  claspers.  Egg-pouch 
much  elongated. 

B.  arcticaj  Verrill. — "  Male-claspers  rather  long  and  slender ;  basal 
joint  but  little  swollen,  elongated,  regularly  curved,  with  a  small  tooth 
or  prominent  angle  at  the  articulation  on  the  inside,  and  on  the  inner 
side  a  row  of  numerous  small,  distinct,  sharp  teeth,  extending  from  the 
articulation  about  half-way  to  the  base,  and  arranged  somewhat  obliquely ; 
second  joint  slender,  regularly  curved,  tapering  to  a  blunt  point,  the 
inner  edge  minutely  serrulate.  Egg-pouch  of  female  much  elongated, 
slender,  subcylindrical." — (Verrill.)  In  a  small  pool,  north  shore  of  Ham- 
ilton Bay,  or  Invuctoke  Inlet,  Northern  Labrador  (Packard.) 

B.  Orcenlandica,  Verrill. — *'A  little  stouter  than  B.  arciica;  the  largest 
male  17  millimeters  long.  Claspers  similar  to  those  of  B,  arctica^  but 
more  elongated ;  the  basiil  joint  less  curved,  and  the  second  joint  longer, 
less  regularly  curved,  tapering  more  quickly  at  base,  and,  consequently 
more  attenuated  beyond  the  middle,  with  more  slender  tips,  which  are 
nearly  straight.  The  tooth  on  the  inside  of  the  first  joint  is  rather  more 
prominent,  but  the  row  of  teeth  along  the  inside  is  similar.  Caudal 
appendages  stouter,  tapering  more  rapidly.    Greenland." — (Verrill.)  ^ 

B,  Colorddensis,  Pack.  (Fig.  12,  male,  female,  and  head  of  female). — 
Dift'ers  from  B,  GrwnUinaica^  its  nearest  ally,  in  the  basal  joint  of  the 
clampers  being  less  curved,  slightly  shorter,  this  and  the  second  joint 
being  entirely  unarmed.  The  second  joint  is  sinuous,  not  tapering, 
swollen,  and  bent  in  slightly  at  the  tip  when  seen  in  outline,  but  seen 
in  front  broad  and  flat,  subspatulate.  Caudal  appendages  rather  stout, 
broader  at  base,  and  not  contracting  as  in  B,  Groenlundica.  Length, 
0.57  inch.  Colorado,  one  J  from  a  "  pond  on  a  mountain  near  Twin 
Lake  Creek,  Colorado;  elevation,  12,500  feet." — (Hayden's  Survey  of 
Colorado,  1873;  collected  by  Lieut.  W.  L.  Carpenter,  IT.  IS.  A.)  About 
a  hundred  males,  and  females,  with  eggs,  Colorado,  Dr.  Viele  (Mus. 
Comp.  Zool.  Cambridge).    No  date. 

It  will  be  interesting  to  determine  whether  these  three  forms  are 
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really  of  specific  valae.  For  this  purpose,  large  nnmbers  of  specimens 
frotn  (litfereut  localities  at  differeut  dates  are  necessary.  After  tbe  ob- 
servations made  at  Odessa  on  the  wonderful  degree  of  variation  in  Arte- 
mia  at  difterent  seasons  of  the  year  and  density  of  the  water,  we  are  led 
to  think,  from  the  fact  that  the  females  of  the  above  three  species  of 
Branchinecteft  are  almost  undistinguishable,  that  the  forms  are  possibly 
conspecitic,  and  the  differences  which  have  been  indicated  are  the  resuft 
of  climatic  and  other  physical  causes.  At  present,  however,  it  will  be, 
perhaps,  wisest  to  regard  them  as  distinct. 

Uubranchipus,  Verrill. — "Body  robust ;  male  with  large  head  and  very 
stout  claspers ;  tirst  joiut  of  clasper  much  swollen,  capable  of  retracting 
the  basal  portion  of  the  second  joint  into  their  cavity ;  second  joint  stout 
at  base,  in  the  typical  species  with  a  large  tooth  on  the  inside,  the  outer 
portion  tapering,  rather  obtuse.  Front  of  head  between  the  claspers 
bears  two  thin,  flat,  tiipering  appendages,  serrated  on  the  edges  and 
transversely  striated  or  jointed.  Caudal  appendages  long.  Egg-pouch 
short  and  thick.'' — (Verrill.) 

£,  vernalis,  Verrill. — '^Claspers  ver>'  large  and  strong;  the  basal  joint 
much  swollen :  second  joiut  long,  broad,  with  an  angle  on  the  outside, 
from  which  it  rapidly  narrows  by  strongly  concave  outlines  on  each 
edge,  bearing  at  the  constricted  portion,  not  far  from  the  base,  a  large, 
strong,  very  prominent,  crooked,  bluntly  pointed  tooth,  which  is  directed 
inward  and  backward.  Massachusetts  and  New  Uaven,  Conn.  Very 
early  in  spring  in  quiet  pools," — (Verrill.) 

StreptocephaUiSj  Baird. — Male-claspers  long,  three-jointiCd,  tortuous; 
the  terminal  joint  subdivided  more  or  less  into  two  or  more  branches,  or 
bearing  slender  appendages.  Male  organs  long,  slender.  £gg-pouch 
elongated  or  conical. 

/S.  Texanu8j  Pack.  (Amer.  Journ.  Sc,  1871),  (Fig.  13,  male  enlarged). — 
Male  difters  from  8,  8imil%8,  Baird,  from  San  Domingo,  in  the  longer 
branch  of  the  inferior  antennae  being  much  longer  and  slenderer  at  tip, 
while  the  shorter  branch  is  much  narrower.  Length  of  male,  0.G5  inch; 
female  0.55  inch.  Texas,  in  pools,  in  summer,  formed  by  the  summer- 
rains,  which  had  dried  up  early  in  the  season ;  and  also  in  April. — 
(Belfrage.) 
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By  a.  E.  Verrill. 


NepJielis  lateralis  Verrill  (Say,  sp.) 
A  plain,  dark  brown  variety',  Clear  Lake,  Col.  (Lientenant  Carpenter). 

Clepsine  ornata  Verrill,  var.  h. 

In  this  large  titriety,  the  back  is  covered  with  numerous  prominent 
papilltB,  arranged  in  transverse  rows.  The  two  ocelli  are  united  into 
one.    Clear  Lake,  Col.  (Lieutenant  Carpenter). 

Aulastomum  laeustre  Leidy,  var.  fvUginosum  Verrill. 

In  this  variety,  the  color  is  nearly  uniform  dark  brown.  From  a  lake, 
elevated  9,000  fe^,  near  Long's  Peak  (Lieutenant  Carpenter).  It  occurs 
also  in  pools  near  New  Haven,  Connecticut. 

Nephelopsis  obscura  Verrill,  dark  variety. 

The  preserved  specimens  from  this  locality  are  dark  olive,  with  black- 
ish mottlings.  Found  with  the  Avlastomunij  from  a  lake,  at  9,000  feet 
elevation,  near  Long's  Peak,  (Carpenter.) 

Nepheli^  nttadristriata  Verrill. 

One  specimen  is  nearly  uniform  obscure  dark  brown ;  another  has 
two  broad,  blackish,  dorsal  bands,  with  a  narrow,  light,  median  stripe. 
Little  and  Big  Thompson,  Estes  Park,  Col.  (Lieutenant  Carpenter). 

Clepsine  pallida  Verrill,  var.  b. 

The  back  is  smooth,  with  narrow,  dark  stripes ;  six  distinct  ocelli. 
Occurred  with  the  two  preceding. 

Clepsine  pallida  Verrill. 

The  preserved  specimens  are  brownish,  with  six  small  ocelli.  Colorado 
(Lieutenant  Carpenter).  * 


LIST  OF  TEREESTRIAL  MOLLUSKS  (COLLECTED  BY  LIEUT. 
W.  L.  CARPENTER,  U.  8.  A.,  FOR  THE  UNITED  STATES 
GEOLOGICAL  SURVEY  OF  COLORADO,  1873. 

By  William  G.  Binnky. 
HELIGID^. 

Helix  pulchella,  Mtill.,  Este's  Park. 
Vitrina  Pfeiff'eri,  Newc,  head  of  Gunnison  River. 
Patula  striatella,  Anth.,  Este's  Park. 
Succinea  lineata,  W.  G.  B.,  Este's  Park. 
Patula  Cooperi,  W.  G.  B.,  Grand  River. 
Patula  strigosa,  Lea.,  Grand  River. 
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SKETCH  OF  THE  METHODS  OF  SURN-EY  IN  THE  GEOGRAPH- 
ICAL DEPARTMENT. 


By  James  T.  Gardner,  Geographer. 


Washington,  July  18, 1874. 

SiE :  I  have  tbe  honor  to  inclose  a  sketch  of  the  methods  upon  which 
"the  work  is  based  in  the  geographical  department  of  this  survey,  and 
also  the  results  of  my  investigations  to  determine  the  true  elevation  of 
I)enver;  regretting  that  the  latter  has  occupied  so  much  time  that  full 
reports  of  other  branches  of  my  work  must  be  delayed  till  next  year. 
Very  respectfully, 

JAS.  T.  GARDNER, 

Geographer. 
F.  Y.  Hayden,  Oeologist  hi  Charge^ 

U.  S.  Oeologirul  and  Geograi)hical  Survey  of  tlie  Territorien, 


The  horizontal  measurements  of  this  survey  are  made  by  a  connected 
system  of  large  and  small  triangles,  developed  from  a  measured  base  near 
Denver.  I  have  endeavored  to  bring  the  trigonometric  work  to  such  a 
grade  of  accuracy  that  its  errors  will  not  be  appreciable  within  the  limits 
of  the  Territory  on  maps  of  a  scale  of  four  miles  to  one  inch.  With  this 
purpose,  the  primary  triangulation  was  expanded  by  me  from  the  Denver 
base,  four  miles  of  which  are  on  the  track  of  the  K.  P.  R.  R.  and  two 
more  are  over  very  level  ground.  The  termini  are,  however,  so  much 
higher  than  the  central  i)art  that  the  line  of  sight  between  them  is  never 
less  than  20  feet  above  the  surface  and  generally  40  feet.  Its  length 
was  twice  measured  with  a  steel  tape,  compared  before  and  alter  meas- 
arement  with  the  United  States  Coa«t-Survey  standard.  Tlie  tape  was 
under  20  pounds  strain,  and  temi>erature-observations  were  taken  every 
five  minutes.  The  profile  was  determined  by  leveling,  and  results  of  the 
measurements  corrected  for  level  and  temperature.  Triangular  pyra- 
mids 30  feet  high  were  erected  at  the  stations  on  the  plains,  by  which 
the  triangles  were  expanded  to  the  mountains,  where  roughly-built  stone 
monuments  were  used  to  sight  at,  except  in  the  very  long  lines,  where 
they  became  invisible,  and  the  exact  summit  of  the  peak  was  taken. 
The  angles  were  measured  with  an  Sinch  circle  graduated  to  10",  and 
reading  to  5'^  constructed  by  Wm.  Wiirdemann  for  the  United  States 
Coast-Survey.  The  measurements  were  generally  rei>eated  six  times  on 
different  parts  of  the  circle.  The  plan  of  the  triangulation  is  shown  on 
the  accompanying  map. 

Azimuths  were  observed  at  five  of  the  principal  trigonometric  sUitions 
by  repeated  observations  between  Polaris  and  an  illuminated  signal  on 
one  of  the  lines  of  the  triangulation. 
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At  Denver  and  Colonido  Springs,  the  triangles  are  connected  with 
very  accurate  astronomical  stations,  located  for  us  by  the  kind  co-opera- 
tion of  the  United  States  Coast-Survey.  Geodetic  latitudes  and  longi- 
tudes of  forty-eight  stations  were  reduced  trigononietricjilly  from  Den- 
ver, and  plotted  on  a  projection.  From  these  points,  the  secoiidury 
triangulation  and  topography  was  plotted  with  protractors  by  the  topog- 
raphers. The  accuracy  of  the  triangulation  is  determined  by  the  clos- 
ure of  the  triangles,  whose  observed  angles  should  sum  up  to  ISQo  plus 
the  si)herical  excess.  The  forty-seven  triangles,  complete<l  in  1873  and 
used  in  the  final  adjustment  of  the  scheme,  have  a  mean  error  of  closure 
of  1(>".3.  During  the  season  of  1874,  a  check-base  will  be  measured  in 
the  San  Luis  Valley,  and  we  shall  then  be  able  to  judge  more  closely 
of  the  probable  errors  of  measurement  by  this  triangulation.  At  pres- 
ent it  appears  as  if  they  would  not  exceed  two  feet  per  mile.  Twelve 
thousand  square  miles  were  completed  last  summer,  and  more  than 
twice  that  amount  partially  finished. 

The  secondary  triangulation  is  done  by  the  topographers  with  the 
gradienter,  whose  circle  is  small,  but  its  telescope  i>owertul.  The  error 
of  closure  of  these  triangles  is  about  2'.  As  they  rest  for  their  bases 
upon  the  primary  triangulation,  the  errors  do  not  accumulate  over  any 
large  area.  The  topography  is  sketched  from  th^  trigonometric  sta- 
tions, and  the  principal  points  of  the  sketch  located  by  triangulation. 
The  important  roads  are  meandered.  Tlie  magnetic  needle  is  not  used 
for  angular  measurement,  except  for  minor  details. 

The  vertical  measurements  of  the  survey  are  based  on  determinations 
of  the  height  of  the  trigonometric  stations  above  Denver  on  the  follow- 
ing plan : 

The  I).  &  S.  P.  K.  E.  had  run  a  line  of  levels  from  Denver,  whose 
elevation  is  about  5,000  feet,  up  to  Fairplay,  at  about  10,000  feet,  and  I 
had  these  levels  extended  at  our  expense  to  the  summit  of  Mount  Lincoln, 
about  14,000  feet  high.  These  points  are  about  sixty  miles  west  of  Den- 
ver. On  Mount  Lincoln  and  at  Fairplay  we  established  barometric  sta- 
tions, and  at  Denver  the  statitm  of  the  United  States  signal-ottice  was 
used  for  reference.  Mnety  miles  to  the  south,  at  Canon  City,  on  the  D. 
&  K.  G.  II.  W.,  we  had  another  barometric  station  at  an  elevation  of 
about  5,000  feet.  The  heights  of  the  base-barometers  above  Denver 
being  thus  known  by  railroad-levels,  the  survey  in  g-i)arties,  using  mercu- 
rial liarometers  (Green's  mountain-barometer)  observed  at  their  stations 
and  camps  synchronously  with  the  observations  at  the  permanent  sta- 
tions. 

The  height  of  any  point  where  observations  were  taken  was  deter- 
mined by  referring  them  to  the  permanent  station  nearest  in  altitude. 
From  the  trigonometric  stations,  angles  of  elevation  and  depression 
were  taken  to  a  great  number  of  points  to  assist  the  topographer  in 
sketching  the  contours  of  the  ground.  These  are,  of  course,  referred  to 
the  elevation  of  the  trigonometric  station,  as  determined  barometrically. 

As  it  was  impossible  to  jiroceed  with  our  final  maps  until  the  elevatiou 
of  Denver  was  known,  I  have  undertaken  to  put  together  into  connected 
chains  all  the  various  lines  of  rnilroad-levels  that  unite  Denver  with 
the  sea.  It  has  been  a  labor  of  many  months.  The  details  and  results 
of  the  investigation  are  given  in  a  separate  report. 


THE  ELEVATIONS  OF  CERTAIN  DATUM-POINTS  ON  THE  GREAT 
LAKES  AND  RIVERS  AND  IN  THE  ROCKY  MOUNTAWS. 


By  James  T.  Gakdnek,  GEOORAPnER. 


INTRODUCTION. 

As  the  field  of  labor  of  the  United  States  geolo^cal  and  geographical 
surveys  of  the  Territories  now  lies  in  Colorado,  the  following  work  was 
undertaken  for  the  purpose  of  determining  the  elevation  of  Denver, 
which  is  at  present  the  base  from  which  all  altitudes  in  the  Territory 
are  measured.  The  height  of  Denver  above  tlie  sea  had  been  vari- 
ously reported  at  from  5,043  feet  to  5,303  feet,  and  the  spirit-level 
lines  of  the  K.  P.  and  U.  P.  R.  R.s  seemed  to  differ  nearly  200  feet. 
Believing  that  any  such  large  discrepancies  between  spirit-level  lines 
must  be  due  to  false  reports  and  errors  in  joining  the  different  links 
of  these  long  chains  to  the  sea,  I  detennined  to  reconstruct  all  pos- 
sible lines  of  levels  from  the  ocean  to  the  Rocky  Mountains,  using  only 
official  reports  by  engineers,  and  checking  them  by  personal  examina- 
tion of  their  note-books  and  working  profiles  wherever  practicable. 
For  this  purpose  I  visited  the  railroad-engineer  offices  at  Denver, 
Omaha,  Lawrence,  Kansas  City,  Saint  Louis,  Chicago,  Cleveland,  New 
York,  and  Philadelphia,  examining  not  only  the  completed  profiles  and 
the  original  notes  from  which  they  were  made,  but  making,  also,  such 
corrections  as  then  seemed  necessary  to  unite  the  lines  of  dift'erent 
companies.  Several  of  the  most  important  profiles  were  lost  in  the 
Chicago  fire,  and  of  one  of  these,  that  of  the  C,  A.,  &  St.  L.  R.  R.,  no 
record  is  left  Profiles  of  the  C.  &  N.  W.  and  of  the  C,  R.  L,  &  P.  R.  R.s 
had  been  sent  to  the  geological  survey  of  Iowa,  and  had  been  published; 
these  have  now  to  be  used  instead  of  the  originals. 

For  many  years,  various  Departments  in  Washington  have  been 
gathering  railroad  and  canal  profiler.  Mr.  Nicholson,  the  topographer 
of  the  PostOffice  Department,  deserves  especial  mention  for  his  long- 
continued  activity  in  this  important  work  under  the  Smithsonian  Insti- 
tution. Lii  tely,  the  oflice  of  the  Chief  Signal-Officer  of  the  United  States 
Army  has  compiled  all  of  this  material,  with  a  large  collection  of  their 
own  from  original  sources,  and  carefully  arranged  and  indexed  it.  In 
the  1871  and  1872  reports  of  the  Chief  Signal-Officer,  Gen.  Albert  J. 
Myer,  he  speaks  of  Lieut.  Henry  Jackson,  acting  signal-officer  and 
assistant,  'd^  having  vigorously  prosecuted  this  department  of  the  work. 
The  collection  comprises  over  one  thousand  profiles  and  reports  from 
original  sources;  and  efforts  are  being  made  to  render  it  so  complete, 
as  to  the  profiles  and  their  connections,  that  the  elevation  of  every 
town  on  railroad  or  canal  shall  be  well  determined.  The  civil  engineers 
of  this  country  cannot  render  a  great«*r  service  to  geographical  science 
than  to  send  to  the  United  States  Signal-Office  copies  of  railroad  and 
canal  profiles.  Some  of  the  most  important  problems  in  the  meteor- 
ology of  the  r»ountry  are  dependent  for  their  solution  upon  our  exact 
knowledge  of  the  elevations  of  the  observing-stations ;   and  these  must 
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be  dcterinined  iiidepeiulently  of  the  barometer.  The  elevations  slioold 
be  kuowu  to  within  live  feet  to  satisfy  the  present  needs  of  meteor- 
ology. 

The  use  of  this  large  and  admirably-arranged  collection  was  kindly 
offered  me,  and  to  its  assistance  1  am  largely  indebted  for  the  complete- 
ness of  this  iuvestigation. 

The  principal  diilicnlties  enconntered  in  the  present  work  were :  the 
discrepancies  Iwtween  the  different  official  reports  of  the  profiles  of  the 
same  railroad  or  canal ;  the  difficulty  of  finding  the  points  referred  to 
at  the  ends  of  the  profiles;  the  difliculty  of  connecting  them  with  the 
mean  surface  of  the  ocean ;  and  tiie  clerical  errors  or  mistakes  in  lij^res 
evidently  due  to  copying. 

The  differences  between  the  reports  of  the  ])rotile  of  a  railroad  or  canal 
seem  to  arise  from  want  of  care  in  (roinputing  from  the  level-notes,  and 
from  the  I'act  that  they  are  actually  reports  of  diflerent  leveliugs  which 
do  not  agree.    Generally,  a  preliminary  line  of  levels  is  first  run  over 
the  whole  Hue  of  the  railroad,  and  bench-marks  established ;  then,  when 
construction  is  commenced,  t.lie  dilTerent  divisions  of  the  line  each  take 
one  of  these  bench-marks  as  the  datum  for  their  levels,  and  buihl  their 
part  of  the  work  Irom  this  point.    Thus,  the  line  as  a  whole  is  really 
built  froui  many  sejKirate  datum-planes.     Where  the  different  divisions 
join,  they  connect  their  levels  so  that  the  relative  height  of  the  ditferent 
datum-planes  may  be  calculated,  and  all  may  be  reduced  to  one  base. 
The  notes  of  these  connections  are  generally  correct ;  but,  in  the  first 
calculations  of  them,  many  errors  almost  always  occur,  incident  n])on  the 
hurry  and  confusion  of  closing  the  work  and  dismissing  the  engineers 
for  the  sake  of  economy.    After  the  railroad  is  running,  and  the  chief 
engineer  has  leisure  to  examine  the  records  of  his  office,  errors  are  found 
in  the  calculations  of  his  profiles,  and  the  whole  is  revieweil  and  a  new 
profile  constructed.    It  often  hajipens  that,  after  a  number  of  years, 
either  a  part  or  the  whole  of  line  is  releveled,  and  a  new  profile  is  the 
result. 

Among  the  profiles  which  I  have  examined  are  representatives  of  all 
these  classes : 

First.  Profiles  of  preliminary  lines  of  survey. 

Second.  Profiles  from  first  calculation  of  constructed  lines. 

Third.  Profiles  of  final  Ciilculation  of  constructed  lines. 

Fourth.  Profiles  of  final  releveling  of  constructed  lines. 

Fifth.  Profiles  made  up  in  the  ofiices  b}'  mixing  the  results  of  two  or 
more  of  the  above  classes. 

It  is  evident  that  these  classes  must  differ  very  much  in  accuraxjy ;  and 
necessarily  the  first  step  in  this  examination  was  to  determine  upon 
methods  of  testing  the  profiles  so  as  to  fix  their  proper  relative  weights. 
This  was  a  very  complicated  and  difficult  process  on  account  of  the  num- 
ber of  factors  to  be  considered.  Some  of  the  principles  may,  however, 
be  stated. 

If  two  points  were  connected  by  several  independent  lines  of  railroad 
or  canal,  the  agreement  of  these  lines  as  to  the  difference  of  altitude  of 
the  termini  was  considered  one  of  the  best  tests  of  ac<5uracy. 

If  one  of  these  lines  was  a  canal  which  had  been  releveled  many  times, 
and  the  termini  carefully  connected  with  the  other  lines,  and  of  whicjh  we 
had  a  iiual  official  report,  this  was  taken  as  true  and  used  as  a  standard 
of  comparison  for  the  accuracy  of  the  other  lines. 

If  the  lines  were  all  canal-levels,  their  relative  weight  was  determined 
by  the  number  of  times  they  had  been  releveled,  the  recentness  of  the 
work,  the  recentness  of  the  official  report,  and  its  detailed  charact<?r. 
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If  the  Imes  were  all  railroad-levels,  the  following  points  were  consid- 
ered as  favorable  to  the  character  of  any  line  or  connection  of  lines : 

First.  That  the  official  reports  should  be  recent  and  detailed. 

Second.  That  they  should  be  reports  of  the  final  computation  of  the 
constniction-levels,  or  a  releveling  of  the  completed  line,  or,  best  of  all, 
that  we  should  have  both  of  these  reports  agreeing  closely. 

Third.  That  there  should  be  few  connections  of  lines  formerly  inde- 
pendent to  make  up  the  present  through-line. 

Fourth.  That,  where  the  line  was  made  up  by  joining  several  parts 
formerly  independent,  the  connection  between  them  should  not  be  open 
to  any  doubt. 

If,  of  several  lines  between  two  points,  one  disagreed  largely  from  the 
others  of  apparent  equal  weight,  it  was  considered  as  probably  in  error. 

If  several  railroads,  running  from  a  common  point,  cross  an  important 
river,  the  fall  of  the  stream  was  determined  by  the  very  best  lines,  and 
those  were  rejected  which  made  it  run  up  hill  or  gave  an  improbable 
fall. 

If  several  parallel  railroads  were  cut  by  a  cross-line,  well  connected, 
their  agreement  upon  this  common  line  was  considered  as  an  important 
test. 

If  several  lines  of  levels  between  two  points  start  from  a  common 
datum  or  directrix,  and  end  also  at  a  common  datum,  the  connection  for 
comparison  is  far  more  reliable  than  when  the  ends  of  the  lines  merely 
came  into  the  same  city,  and  then  have  to  be  joined  by  connecting  the 
depots  by  city-levels. 

The  results  of  the  application  of  these  standards  of  accuracy  showed 
that  recent  official  reports  of  the  final  computation  of  the  construction- 
levels  were  generally  reliable  so  far  as  Jiny  one  line  is  concerned.  The 
Pa.  R.  R.  may  be  given  as  one  of  the  best  examples.  It  has  been 
recently  releveled,  and  though  there  was  a  discrejiancy  between  the 
new  and  old  elevations  of  Pittsburgh  of  11  feet,  it  was  found  on  a  third 
leveling  of  a  part  of  the  line  that  this  was  due  to  erroneous  connection 
of  two  leveling-parties,  and  all  occurred  at  one  point.  And  now,  when 
a  final  computation  of  the  old  construction -levels,  and  of  the  new  and 
corre<».ted  line,  is  made,  the  elevation  of  Pittsburgh  by  the  new  line  is 
within  a  foot  of  the  old.  Great  credit  is  due  to  Mr.  Wilson,  the  consult- 
ing engineer  of  this  road,  for  the  interest  he  has  taken  in  investigating 
the  discrepancies  of  the  Pa.  II.  E.  profiles,  and  through  his  exertions 
we  have  at  hyst  a  correct  report  of  the  profile  of  that  important  railroad 
so  many  years  after  the  levels  were  run.  The  profiles  that  seemed  from 
their  dates  to  be  first  calculations  of  constructed  lines  were  often  found 
unreliable,  and  do  not  generally  agree  with  the  final  calculation  of  the 
levels  when  we  have  reports  of  both.  The  profiles  of  i)reliminary  lines 
of  survey  were,  of  course,  found  very  unreliable.  The  elevations  of  Cai- 
ro, 111.,  and  Columbus,  Ky.,  have  hitherto  rested  on  a  preliminary  survey 
of  the  M.  &  O.  R.  R.  from  Mobile  Bay,  and  seem  to  be  10  to  15  feet 
below  the  better  determinations. 

The  worst  of  all  the  profiles,  and  the  most  perplexing  to  the  geographer, 
are  those  made  up  in  the  offices  of  some  of  the  railroads  by  x)utting 
together  data  from  old  and  new  printed  reports  and  from  all  the  manu- 
script profiles  in  the  office,  and  treating  them  as  if  the  same  datum 
of  levels  was  referred  to  in  all  these  sources  of  information.  The  mix- 
ture thus  produced  generally  defies  the  most  ingenious  power  of  anal- 
ysis in  the  searcher  after  truth. 

In  general,  I  am  satisfied  that  the  important  errors  in  our  railroad  and 
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canal  profiles  are  not  so  much  due  to  imperfect  in'stritmental  work  as  io 
hasty  computation  and  careless  Ci>mbination  of  the  results. 

The  difiicalties  of  making  coDiiection  between  the  end  of  one  profile 
and  the  be^inuin^  of  another  have  been  very  great.  Most  cities  have 
now  a  datum  or  base-iioint  from  which  all  the  citj'-levels  date,  often 
called  the  city  directrix.  The  United  States  Signal-Office  has  taken 
great  pains  to  get  reports  from  most  of  the  city -engineers  of  the  heights 
of  the  railroad-dei>ot8  above  these  city-directrices;  but  the  difficulties 
of  using  this  connection  between  railroads  is  that  in  many  cases  the 
present  depots  are  not  the  ones  referred  to  on  the  profiles  of  the  roads; 
and  even  when  the  ])resent  depots  are  the  same  as  the  old  ones,  the 
grade  at  the  depot  has  been  changed  since  the  railroad-profile  was 
made,  and  no  note  of  the  present  grade  made  on  the  profile.  This  seems 
to  be  the  case  in  Chicago,  where  the  railroad-profiles  almost  all  indicate 
a  lower  gi*ade  for  the  depots  than  those  rei>orted  by  the  city-engiDeer. 

By  visiting  the  ground,  and  making  conncH;tions  with  old  beuches, 
I  have  gotten  rid  of  many  of  these  errors,  and,  fortunately,  in  many 
cities  the  railroad-engineers  have  connected  their  datum  with  that  of 
the  city.  If  the  engineers  of  this  country  will  adopt  this  as  a  rule,  the 
value  of  their  work  lor  general  and  scientific  purposes  will  be  very 
much  increased.  • 

The  railroad-lines  from  Philadelphia,  and  the  railroad  and  canal  lines 
from  Albany,  had  reported  the  elevations  along  their  lines  above  tides 
of  various  stages  at  these  points,  and  the  G.  T.  R.  W.  of  Oa.  hml 
reported  their  elevations  as  referred  to  tide  at  Three  Kivers,  the  head  of 
tide- water  in  the  Saint  Lawrence.  These  datum-i>oint8  differ  from  each 
other,  and  from  the  mean  surface  of  the  ocean,  which  is  the  only  proper 
plane  of  reference  for  our  elevations.  The  errors  due  to  this  cause  have 
entered  into  all  previous  reports  of  elevations  in  Pennsylvania  and  the 
regions  about  the  great  lakes.  By  the  assistance  of  the  United  States 
(^oast  Survey,  and  of  Mr.  Smedley,  city  engineer  and  surveyor  of  IMiil- 
adelphia,  the  datum-]>]anes  of  the  Erie  Canal  and  N.  Y.  C.  K.  11.  levels 
and  of  the  Pa.  K.  li.  have  been  connected  with  the  mean  surface  of  the 
ocean. 

Important  changes  are  made  as  the  result  of  this  investigation.  The 
elevation  of  the  great  lakes  and  surrounding  country  is  found  to  be 
about  9  feet  more  than  previously  reported  by  the  State  geologist  of 
Ohio,  and  that  of  Saint  Louis  about  23  feet  higher  than  reported  by 
Humphreys  and  Abbot.  While  Kansas  Oity,  and  all  the  siu*rouuding 
country  for  many  hundred  miles  south  and  west,  has  heretofore  been 
re])orted  more  than  100  feet  too  low,  Omaha  is  raised  about  31  feet,  and 
Indianapolis  about  100  feet.  The  fall  of  the  Mississippi  above  Memphis, 
and  of  the  Ohio,  and  of  the  Missouri  River,  is  also  changed.  The 
amounts  of  these  changes  are  so  great,  and  the  accuracy  of  the  results 
of  such  imi)ortance  to  science  and  to  our  work  of  internal  improvements, 
that  I  publish  the  evidence  upon  which  they  rest,  and  a  stiitemeut 
of  the  evidence  upon  which  previous  reports  were  made  where  such 
could  be  found. 

The  checking  at  Denver  of  the  levels  brought  through  by  the  U.  P. 
and  D.  P.  R.  R.,  and  by  the  K.  P.  R.  li.  is  so  close  that  I  believe  the 
error  of  elevation  of  this  i)oint  cannot  exceed  10  feet,  exclusive  of  that 
due  to  deflection  of  the  plumb-line  by  attraction  of  mountain -masses. 
The  result  by  the  K.  P.  R.  R.  is  5198.07  ;  and  by  the  U.  P.  and  D.  P.  R. 
R.s,  5104.20  feet  above  mean  sea.  My  determinations  of  the  elevation 
of  Ogden,  above  the  Atlantic  Ocean,  by  the  U.  P.  R.  R.,  and  above  the 
Pacific  Ocean,  by  the  C.  P.  R.  R.,  differ  only  25  feet.     When  it  is  con- 
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sklered  that  the  Hue  of  levels  from  the  Atlantic  to  Ogden,  Utah,  is  about 
two  thousand  miles  lon^,  this  discrepancy  is  small.  It  is  not  improba- 
ble that  a  large  part  of  this  error  lies  between  Chejenne  and  Ogden, 
where  the  work  on  the  U.  P.  R.  R.  was  driven  at  an  unprecedented 
8i)eed,  and  where  the  line  lies  over  mountains.  The  accompanying  map 
shows  the  lines  of  levels  that  have  entered  into  this  discussion. 

Discussion  of  evidence  of  the  altitude  of  various  points  in  the  United 

/States  and  Canada. 

THE  ELEVATION  OF  LAKE  ONTARIO. 


Firnt  dcOnrminatUm. 

Meau  tido  at  Albany,  bj'  L'uitctl  States  Coast  Survoy 
leveliiig. 

Mean  surface  of  Lake  Ontario,  by  report  of  final  level- 
in<^8  of  Erie  (^anal,  (see  profiles  accompany iufr  an- 
nual report  of  State  engineer  and  surveyor  of  Now 
York,  January  1,  lrG8,  by  J.  P.  Goodsell.) 

jVIcau  surface  ot  Lake  Ontario 


Feet. 


Various  datum-planes. 


I 


^  :;  o  3 

Ills 


4. 84     Above  mean  tide  -west 
end     of     Eifiliteonth 
street.  New  York. 
245. 15  '  Above  M.  T.,  Albany  . . . 


Second  determination. 

Mean  tide  in  St.  Lawrence   River  at  Three  Rivers, 
datum  of  levels  of  G.  T.  R.  W.  of  Canada. 


Surface  of  Lako  Ontario. 


Do 


(Tliest^  fijnires  nre  from  a  report  of  the  chief  engineer 
of  the  G.  T.  1{.  \y.  of  Cauaiia,  dated  M.irch.  lr'72.) 

Mean  hij:h-ti<le  at  Portland,  Me.,  by  United  States  Coast 
Survey  rejunt. 

SurliKM;  of  Lake  Ontario 


aT7 


Above  M.  H.  T.,  at  Port- 
laud,  Me. 


2:)5.00     Above    M.    T.,    Thn>o 

Uiv<T8. 
241.  n     Above M.H.T.,  Portland 


4. 5       Above  M.  T.,  Portland . 


Final  rcifult^. 

Surface  of  Lake  Ontario : 

First  delcrniiiiation 

Second  determination 

Adopte<l  an  correct 

Error  of  second  determination 


-  3.72 


4.t<4 


249.99 


246  27 


249. 99> 

246.27 

249.99' 


The  first  determination  is  adopted,  because  it  is  the  final  result  of 
many  years'  leveling  over  the  line  of  the  Erie  Canal,  as  against  tlie  result 
of  a  long  and  broken  line  of  railroad-levels ;  and  because  the  canal-engi- 
neers have  undoubtedly  ttikeii  greater  pains  to  get  the  mean  surface  of 
the  lake  than  the  railroad-engineers,  to  whom  such  knowledge  was*  of 
no  practical  importance. 

At  Montreal,  the  levels  of  the  G.  T.  R.  W.  are  checked  .ipproximately 
by  levels  run  by  the  Montreal  and  Champlain  R.  R.  Co.,  Montreal,  sum- 
mer, water  in  river  is  30  feet  above  mean  sea  by  the  G.  T.  R.  W. ;  by 
the  M.  &  0.  levels  L.  W.  at  Montreal  is  69.7  feet  below  L.  W.  Champlain. 
The  surface  of  the  lake  is  100.84  feet  by  canal  from  Albany  5  hence  L. 
W.  Montreal  about  31  feet.  Considered  with  reference  to  Lake  Cham- 
I)lain,  we  have  its  height  above  mean  seii  100.84  feet  bv  Hudson  River  and: 
Whitehall  Canal,  and  99.7  feet  by  G.  T.  R.  W.  from  Portland. 
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ELEVATION  OF  BUFFALO.  CLEVELAND  DIRECTRIX,  AND  MEAN  SURFACE  OF 

ERIE. 


s  S. 


Feet.     I     VarionB  datam-plaueg. 


a  12 

•S   S  O  S 


First  def^nnination. 

Mean  tide  at  Albanj',  N.  Y.,  by  Uuited  States  Coist 
Survey  loveliu);. 

Surfa<;e  of  watiT  in  Erie  Canal  at  Buffalo,  liy  report 
of  flnal  loveliiigH  of  Erie  ("anal,  (see  protilen  accoin- 
paiiyiu>;  annunl  report  of  State  engineer  and  Hur- 
vevor  of  New  York,  January  1,  18C8,  by  J.  P.  Good- 
acil.) 

Water-prirtni  of  this  nectiou  9  feet  deep ;  hence,  bot- 
tom of  canal  at  Buffalo. 

Surface  of  Erie  ("anal,  Brutfalo 

B<>(t4>m  of  Erie  Canal,  Buffalo 

Surface  of  Lak(>  Erie,  by  observations  at  Cleveland 
and  Buffalo  fn)ni  1844  to  1857,  and  published  in 
Siniths4)uian  Contributions,  by  C.  Whittle«oy,  1860. 

Mean  surface  of  Lake  Erie  at  l^uffalo 

Do 


4. 84       Above  M.  T.  ftwt  of  Kiaht- 
et>uth  street,  New  York  . 
568. 42    !  Above  M.  T.  Albany 


559.42    I do 


8. 82    I  Above    bottom     of    Erie 
!      Caaal. 


573. 
564.! 


568. 84      Above  M.  T.  Albany 


Cleveland  directrix,  by  mean  of  a  very  favorable 
month  of  synchninons  observations  at  Buffalo  and 
Clovelan<l  on  surface  of  lake,  by  Mr.  C.  Whittle- 
sey and  Mr.  J.  Lathrop. 

Cleveland  diroct rii 

Do 


11.42       Above    bottom    of    Erie 
Canal,  Buffalo. 


Mean  snrface  of  I^ke  Erie  from  1844  to  1857. 
Second  determination. 


2.  CO      AlM>ve  M.  a  of  Lake  Erie 
from  1844  to  1857. 


573.06 

575.68 
573.06 


8.10 


4.751 


Permanent  United  States  Coast  Surv«*y  Ix^nch  <m  i 
/rranite  block  at  (Jloucester  Ferry,  N.  Jf.,  by  UnittHl 
States  Ciiast  Survey  Renort  of  1871.  i 

Mean  tide  in  Delaware  lUvor  at  Philadelphia,  by  | 
United  Stat»\H  Coast  Survey  Report.  i 

Menu  tide  at  Philadflphia , 

Philadelphia  city  datum,  by  leveliuj:  of  Mr.  S.  L.  I 
Smedley,  city-engineer  and  survey<»r,  and  his  assist- 
ant, Mr.  Herring.  January  11, 1874. 

Philadelphia  city  datum 

iVnnsylvania  R.  K  datum,  by  report  of  Mr.  "Wilson, 
con8ultin|;-euiirin(*er  of  P.  RL  R.,  1874.  I 

Pennsylvania  R.  R.  datum  or  base  of  levels,  called  ' 

IL  1\  at  Philadelphia.  , 

Harrisburgh,  Market  street  depot  track ,    313.  00 

Do ! 


Above  M.  T.  Raritan  Bay. 

equal  mean   surface   of 

Atlantic. 
Below  U.  S.  C.  S.  bench . . . . 


0.  632     Above  U.  S.  C.  S.  bench 


3.3«» 


1.C19  I  Below  PhiladelphLi    city 
'      datum. 


8.731 


6.913 


Above  P.  R.  R.  datum. 


Pittsburgh,  Uni(m  depot  track I    738. 00      Above  P.  R.  R.  datum 

Do i 

(The  above  elevations  are  from  a  profile  of  the  last 
computations  fn>m  releveling  the  whole  line,  agree- 
ing within  one  foot  with  the  old  construction-levels 
at  Pittsburgh.  Report  by  Mr.  Wilson,  consulting- 
•~1. 187 


319.  913 

744.' oii 


engineer,  April  20, 1874.) 
Alliance,  by  P.  F.  W.  &  C.  R.  R.  profile,  1872 |    336. 70 


Alliance,  (track) 

Cleveland  directrix,  by  profile  of  C.  &  I*.  R  R..  re- 
ported by  Mr.  I.  Pilfsbury,  February  11,  1858. 

Cleveland  directrix 

Crestline,  (track,)  by  profile  of  P.  F.  W.  &,  C.  R.  R. . . 


Crestline 

Cleveland  directrix,  by  profile  of  C.  C.  C.  &L  R.  R., 
reported  by  ;Mr.  I.  Pillsbury,  February  11,  1858. 

Cleveland  directrix 

Clevelan<l  directrix,  mean  of  Crestline  and  Alliance 
routes. 

Mean  surface  of  Lake  Erie 


507.55 


Above  Union  depot,  Pitts- 
bargh. 


Below  Alliance 


407.60    I  Above  Union  depot,  Pitts- 
I      bargh. 


1. 081.  613 
574.063 


577. 30    i  Below  Crestline 


1, 152.  51 


575.  31 
574.637 

57-2. 0J7 


Ihird  determination. 

3tean  tide  Albany,  by  United  States  Coast  Survey 

I^iffalo,  N.  Y.  C.'&  t.  S.  R  R.  depot  track,  by  profile 

of  N.  Y.  C.  R.  R. 
BuffWo,  N.  Y.  C.  depot  track ... 


4. 84    I  Above  INL  T.  New  York  . 
578. 23    I  Above  tide  at  Albany,  as- 
!      sumed  to  be  M.  T. 


Sea  07 
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Elevation  of  Buffalo,  Cleveland  dircctriXf  and  mean  surface  of  fAike  £ri>— Contiuued. 


Feet. 


Various  datnm-plnucs. 


"  c  S  3 


27)ird  determination — Coutinned. 

Ch'volnnd,  L.  S.  depot  track,  by  profile  of  L.  S.  &  M. 

S.  11 IL 
Clovclaud,  L.  S.  R.  R.  depot  track 


0.70 


(.'l(>v«»land,  L.  S.  II.  IL  depot  tracR,  by  city-engineer  re- 
port. 

( Me vi.'land  directrix 

Alcnn  surface  of  Lake  Erie , 


Fourth  determination. 

Junction  of  the  N.  C.  Sc  Pa.  R  Kb.,  on  main  line  of 
Pa.  K.U.,  west  of  Ilarrisburph,  by  profile  of  N.C.R.R. 

IlarriHbiirgb,  ^larket  street  depot  traok 

Do 

Surface  of  Lake  Erie,  (year  not  riven,)  by  P.  &  J2.  R.  R  ' 
Surface  of  Lake  Erie,  (year  unknown) . . .  .• 


:t50.00 
30.35 


251. 0() 


Fifth  determination, 

Erie  Railway  depot  at  Dunkirk 

Surface  of  Lake  Erie  at  Dunkirk,  by  profile  snpposed 
to  be  from  constmction-levels. 

(The  pronent  chief  enj;ine«r  reports  that  the  lino  has 
been  rerun,  and  that  the  old  and  new  lines  differ 
over  20  feet  in  some  places.  After  examining;  the 
old  and  new  lovclrt,  he  gives  preference  to  the  old, 
but  considers  both  incorrect.) 

Cleveland,  L.  S.  dei>ot,  by  L.  S.  &  M.  S.  R.  R 

City  directrix 

Cleveland  directrix 

Do , 

Moan  surface  of  Lake  Erie 

(This  rc'DuIt  is  rejecUMl  in  making  up  the  means,  be- 
cauHo  the  levels  are  condemned  by  the  chief  engi- 
neer ol  the  road.) 

Sixth  determination. 

Surface  of  Lake  Ontario,  by  G.  T.  R.  W.  of  Canada  . . . 
Surface'  of  water  in  Detroit  River  opposite  Detroit, 

by  G.  W.  IL  W.  of  Canada. 
Surface  of  Lake  Erie  by  Stat*^  geological  survej'  report. 
Surface  of  Lake  Erie  .*. 


Above  Rnfialo  depot  track. 


Above  city-directrix 


n-rS.  rt 


575.  27 
572.  G7 


Above  M.  T.  Baltimore 
Below  junction  of  K.  C. 
Above  Harrisburgh 


319. 75 
'5:6.75' 


606.80 
562.20 


Above  M.  T.  New  York 
do 


14.5 

K5 

23.00 


BeU)w  Dunkirk 

Below  Clevf-Iand  depot. 
Below  Dunkirk 


Final  retults. 


5ir.i  -0 
5>1.20 


240.27 


32a  40 
3.00 


Above   mean    surface  of 

Luke  Outaria 
Below  river  at  l>etroit 


Lake  Erie : 

Fir.st  determination 


571. 67 


Mean  surface 


Secoud  determination I do 


Third  determination. 
Fourth  determination 
Fifth  (letermination  .. 
Sixth  determination . . 


do 

.do 

.do fofl.-JO] 

do :      571.67 


573. 08 

5:2.  C37 

572.  670 

570.  750 


Adopted  result. 

Surface  of  Lake  Erie,  moan  of  observations  from 
1844  to  1857. 

Difference  0/  other  results  from  the  one  adopted. 


573.08 


Secoud  determination  diffors 

Third  detiTmiuatitm  ditfers 

Fourth  det^'rmiuatitm  ditlrrs 

Sixth  determination  differs 

(The  first  dett'iininatiou  is  adopte<l,  because  it  is  the 
final  result  of  many  years'  leveling  on  the  Erie  Canal, 
connected  with  the  moan  of  thirteen  years'  obsor\'a- 
tions  on  the  surface  of  the  lake.) 
Cleveland  directrix : 

First  detc«rmination 

Second  deU^rmiuatlon 

Third  determination 


L04 
0.41 
2. 33 
1.41 


575. 69 
574. 637 
575.270 
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Elevation  of  BuffaJo,  Cleveland  direclriXf  and  mean  surface  of  Lake  Erie — Continned. 


• 

Fcft. 

Various  dataro-plpues. 

Adtrpted  rtituU.                                   \ 
C'It*viilainl  (lirectriv   ^tliiM  ia  hi"li-w:iti'r  iiinrk  of  ls3<^         

S^SlS^ 

Oil  \*WT.) 

Differences  of  the  other  results  from  the  one  adopted. 
Sf'Coiul  «U*toriuinntioii  dilTorii 

-  1.04 

-  0.41 

Third  (Iclcriniiiatioii  difit^rs 

The  first  determination  is  adopted,  because  it  is  the  result  of  many 
years'  leveling  over  the  Erie  Canal,  connected  with  Cleveland  by  a  very 
i'jnorablo  month  of  observations  on  the  lake  surface,  and  connected  with 
mean  sea  by  the  levels  of  the  United  States  Coast  Survey. 

The  United  States  Coast-Survey  line  from  their  tide-gauge  atNew  York 
to  that  at  Albany  was  run  for  scientific  i)iiri)ose8,  and  is  undoubtedly 
leveling  of  the  first  quality.  The  Erie  Canal  has  been  in  process  of  cou- 
struction  and  enlargement  for  over  fifty  years.  During  this  time  the 
levels  must  have  been  rerun  many  times,  and  the  benches  and  compu- 
tations checked  by  a  8U(;cession  of  different  engineers.  Their  final 
report  should  be  of  the  highest  authority.  The  mean  surface  of  Lake 
Erie,  during  a  month  with  light  winds,  when  the  fluctuations  of  the  lake 
were  small,  is  considered  a  level  plane  for  connecting  the  west  end  of  the 
canal  with  Cleveland.  I  think  these  reasons  suflicient  to  justify  me  in 
accepting  the  first  determination  as  against  those  by  the  railroad  lines. 

The  result  may  then  be  considered  as  showing  great  accuracy  iu  the 
railroad  surv^eys,  which  are  from  480  to  000  miles  long,  and  yet  differ 
but  about  one  foot  from  the  canal-levels. 

At  Ilarrisburgh,  where  the  lines  of  the  second  and  fourth  determinations 
cross,  the  checking  is  very  close.  The  height,  as  brought  by  the  17.  S. 
C.  S.  and  Pa.  K.  R.  from  liaritan  Bay,  one  hundred  and  seventy-five 
n)iles,  is  319.91,  while  that  brought  from  Baltimore  by  the  N.  G.  K.  B. 
is  319.75 ;  the  two  differing  only  ^\[^  of  a  foot.  The  elevation  of  this 
same  Market-street  depot  at  Ilarrisburgh  by  the  P.  &  R.  R.  R.,  reported  to 
me  by  the  chief  engineer  Maj^,  1874,  is  308.03  fibove  M.  T.  Philadelphia, 
which  would  be  311.38  above  M.  T.  Atlantic  Ocean.  This  line  is  evi- 
dently in  error  about  8  feet  betwe  n  Philadelphia  and  Harrisburgh,  but 
I  believe  it  to  be  mostly  in  their  computation,  and  not  iu  the  instru- 
mental work. 

At  Pittsburgh  the  Pa.  R.  R.  is  again  checked  by  the  B.  &  O.  R.  E., 
which,  in  a  number  of  reports,  give  the  elevation  of  their  depot  as  735 
feet  above  mean  tide  at  Baltimore.  By  the  report  of  the  city -engineer, 
the  B.  &  O.  1{.  R.  depot  track  is  7.75  feet  below  that  of  the  Union 
depot ;  hence  the  elevation  of  the  traek  iu  the  Union  depot  at  Pitts- 
burgh, by  the  B.  &  O.  R.  R.  above  M.  T.  Baltimore,  is  742.75  feet.  That 
by  the  Pa.  K.  R.  was  744.91  feet  above  M.  T.  Riiritan  Bay.  As  it  is  not 
known  to  me  how  this  mean  tide  was  determined  at  Baltimore,  nor  is  it 
known  whether  me<an  tide  at  Baltimore  is  the  same  as  the  mean  ocean-sur- 
face, and  as  the  B.  &  O.  R.  R.  levels  have  not  been  subject  to  as  many 
revisions  as  those  of  the  Pa.  R.  R.,  and  the  connection  of  the  Pittsburgh 
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depot  is  not  known  to  be  with  the  same  grade  given  in  the  profiles  of  the 
railroad,  I  consider  the  Pa.  E.  E.  result  as  being  the  more  reliable  for 
the  present  elevation  of  the  track  in  the  Union  depot. 

The  line  of  levels  from  Baltimore,  by  the  N.  C.  K.  li.  to  Uarrisburgh, 
and  thence,  by  the  P.  &  E.  li.  li.  to  Lake  Erie,  at  Erie,  a  distance  of  four 
hnndred  and  twenty-six  miles,  reaches  the  lake  with  an  error  that  does 
not  exceed  2  feet. 

ELEVATIONS  OF  LAKE  HURON,  LAKE  MICHIGAN,  AND  THE  CHICAGO  IHKECTRIX. 


Feet 


Vurious  (lAtum-planes. 


Fimt  determinution. 

Lake  Ontario  at  Oswego,  by  L^iiit-ed  States  Coast  Sur- 
vey aud  Erie  Canal. 

Surface  of  Georgian  Bay,  Lake  Huron,  at  Colling- 
woufl,  bv  N.  K.  K.  of  Canada. 

Surface  of  Lake  Huron  in  Georgian  Baj* 


340.00 


i   «-«  X  S    • 

■  "^  j;  ^ 

,   «  c  ?^  2 


24i>.  99 


Above  Lake  Odfaiio. 


Second  determination.  ^  I 

Snrface  of  Lake  Huron  at  Samia,  south  end  of  lake,  .      341. 00 

by  G.  T.  R  \V.  of  Canada.                                              I 
Surface  of  Lake  Huron • 


Above  Lake  Ontario. 


Third  determination. 

Mean  surface  of  Lake  Huron  at  Sarnia,  by  G.  W.  R.        340. 00 

W.  of  Canada. 
Mean  surface  of  Lake  Huron i 


Fourth  determination. 

Mean  surface  of  Lake  Erie,  by  United  States  Coast 
Snr\-ey  and  Erie  (Jaiial. 

Surface  of  Detroit  River  at  Detroit,  by  State  geologi- 
cal survey  report 

Mean  Surface  of  Lake  Huron,  bj*  G.  W.  R.  W.  of 
Canada. 

DitRjreuco  of  Lake  Erie  and  Lake  Huron,  mean  sur- 
faces. 

Mean  surface  of  Liike  Huron 


Above  Lake  Ontario. 


3.00  i  Above  Lake  Erie. 


11.  60  I  Above  surfiice  of  river  at 

'      Detroit, 
14.60  ■ 


Fifth  determination. 

Surface  of  Detroit  River  at  Detroit,  by  State  geologi- 
cal survey  report. 

Junction  of  D.  A:  M.  R.  R.  and  G.  T.  R.  R.,  by  D.  A:  M. 
ItR. 

Surface  of  Lake  Huron,  by  G.  T.  R.  W.  of  Canada  . . . . 

Lake  Huron .'. 


3. 00     Above  Lake  Erie. 


Do 


.•SS.  60  I  Above  water   in   Detroit  < 
River.  Sept.  24,  IHir*.        > 
43. 00  i  Relow  Milwaukee  junction 
12.0    '  Above  river   at  Detroit, 
SepteiulHT24,  leOt. 


15.6 


Surface  of  Lake  Huron 

Sixth  determination. 


Snrfaco  of  Detroit  River  at  Detroit 

Surface  of  Lake  Micbigan  at  Grand  Haven,  by  D. 
&,  M.  R.  IL 

Lake  Michigan 

Surface  of  Lake  Micbigan 


Above  Lake  Eiie. 


3. 00     Above  Lake  Erie 

!        10. 74  '  Above  river  at  Detroit, 

I  j      S^pteiulKr  24,  ltC6. 

I        13.74  I  Above  Lake  Erie 


Seventh  detetmi nation. 

Cleveland  directrix 

Crestline,  by  C.  C.  C.  &  I.  R.  R 

Crestline  . . ". 

Chicago  depot  of  P.  F.  W^  <fc  C.  R.  R.  track,  by  P.  F. 
W.  .t  C.  R.  li.  report,  1872. 

Chicago,  P.  F.  \V.  <fc  C.  depot  track 

Chic^igo  city  directrix,  by  city-enginccr,*lb72 


577.30 
558.6' 


a5 


Chicago  directrix 

Mean  Hurface  of  Lake  Micbigan  for  pnst  twenty 
years,  by  city -engineer's  report. 


Above  Cleveland  directrix. 
Below  Crestline 


5fc0.  U9 


59C.1)9 


Si!).  IK) 


573.  05 


587.08 


^a.  G8 


583. 82 


575.  68 


Below  top  of  rail  in  P.  F. 
W.  &  C.  dejwt. 


2.00  j  Above  city-directrix. 


1. 152.  98 
594.38 
585.be 
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ELEVATIONS  OP  LAKE  HURON.  ETC.— Continued. 


Surface  of  Lake  ^lichigAn,  moan  of  twonty  years 

Alliiuici',  by  C.dt  T.K.K 

Alliance 


507.55  '  Alwve  Cleveland  directrix. 


Cliicaco  depot,  track  of  P.  F.  W.  &  C.  R.  K.,  by  P.  F. 

W.  &  (;..  1875i,  report. 
CliicQRO  depot,  track  P.  F.  W.  t  C.  K.  R 

Cliicajio  directrix,  by  city-enjjiueers,  liiHS 

Cbieapi  directrix 

Surface  of  Lake  Micbiean,  niean  of  past  twenty  years 
Cbicajjo  directrix,  by  P.  F.  AV.  6u  C.  K,  K..  mean  of  Al- 
liance and  Crentline  connection  witb  Clevebind. 
Surface  of  Lake  Micliigan 


Below  depot  track 


Eighth  dftermination. 


Cleveland  directrix 

Cleveland,  I..  S.  A:  M.  S.  depot,  by  city-enciDe<«r 

Cliicaeo,  L.  S.  &.  M.  S.  <lepot  track,  by  profile  procured 
at  tbe  oillco  of  cbief  enj;intH*r.  October,  1843. 

Cbi«'aKO,  L.  S.  &  3L  S.  R.  R.  dei>ot  track 

Chicago  dircctiix,  by  city-enj»ineer,  1872 


8. 50  I  Al>ove  directrix 

16.  G      Above  Cleveland  depot . 


12.80 


Cliiciigo  din'ctrix | , 

Surlaco  of  Lake  Michigan,  mean  of  paat  twenty  years . : . 

Ninth  determination. 


Mf-an  surface  of  Lake  Erie 

Aleau  surface  of  river  at  Detroit,  by  State  ideological 

hurvey  rep«»rt. 
Usual  height  of  water  in  river  on  June  1 


Below  track  of  L.  S.  &  M. 
S.  depot 


Chicago  dei)ot  of  M.  C.  R.  R.,  by  M.  C.  R.  R.  report 


Chicago  d<'i>ot  of  M.  C.  R.  R  &  L  C.  R.  R 

Cliicago  directrix,  by  chief  engineer  of  L  C.  R.  R. 


Chicago  directrix 

Mean  surface  of  Lake  Michigan 


a.  00  I  Above  Lake  Erie. 


1.00  j  Above   mean   surface  of 

I      river. 
13.20  i  AlHjve   river   at  Detroit, 
Juno  1, 1869. 


G.5 


Below  I.  C.  &  M.  C.  R.  R. 
depot 


Fitmlremitt. 

Surface  of  Lake  Michigan  and  Lake  Huron: 

(•2)  FirHt  <lef  enniuation  |  Huron  . .  I  State  of  water  nnknown . . 

(2)  Second  tleterraination do i do 

(•2)  Third  df^temiiuation 1. . .  do I  Mean  surface 


do 


( I)  Fourth  determination do 

(1)  Filth  deUrmination i..  do State  of  water  unknown . . 

(1)  Sixth  determination !  Michigan do 

(4)  Soveuth  determination I ...  do Mean  surface 

(•1)  Eighth  determination i..  do do 

(1)  Ninth  determination Michigan  I do 

(The  figures  in  parentheses  indicate  the  relative 
weights  with  which  the  different  determinations 
enter  into  the  mean.) 

Adopted  result. 


Mean  of  nine  determinations 

]Mean  surface  of  Lake  Michigan  for  past  twenty  years. 

The  extreme  range  among  the  nine  results  is 

(This  amount  does  not  exceed  the  known  fluctua- 
tions ot  the  lakes.) 
Chicago  directrix : 

S«  venth  determination 

Eighth  determination , 

!Meau 


Ro'-iilt  by  subtracting  2  feet  from  adopted  result  for 
mean  surface  of  the  lake. 


Adopted  result 

Chicago  city -directrix 

The  observations  at  Chicago  make  tbocitj'-directrix. . 


Below  mean  surface  of 
Lake  Michigan  for  past 
twenty  years.  | 


567.88 


505.51 

skn'm 

589.03 
Sd6L<ff 

588.41 


575. « 


60ai8 


587.98 
5t>9.W 


57a  « 


59a« 


563.78 
585l78 


.^89. 99 
590.99 
589.99 
587.68 

588.68 
586. 8i 
588.46 

585.78 


589.15 
589.15 


586.46 
587.98 

587.  aa 

587.15 


587. 15 
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Heuce,  if  tbe  height  589.15  feet  is  adopted  as  the  mean  surface,  587.15 
feet  mast  be  the  elevation  of  the  city -directrix.  I  iiave  given  their  respect- 
ive rehitive  weights  to  the  different  determinations  for  the  following  rea- 
son :  The  fourth,  fifth,  sixth,  and  ninth  are  of  least  value,  because  they 
depend  on  the  height  of  the  water  at  Detroit,  being  3  feet  .above  Lake 
Erie,  as  reported  by  the  State  geological  survey.  The  original  data  upon 
which  this  report  depends  cannot  be  found,  and  I  therefore  consider  it 
open  to  much  doubt.  The  first,  second,  and  third  determinations  are 
given  the  value  (2)  because  they  are  first-class  railroad-lines,  run  from  a 
base  at  Toronto,  called  surface  of  Lake  Ontario,  but  which  I  do  not 
know  to  be  the  mean  surface,  but  simply  assume  it  to  be  so.  They  run 
directly  to  Lake  Huron,  but  only  in  one  case  is  the  state  of  the  water 
given  5  and  then  I  do  not  know  of  how  many  years  it  is  the  mean. 
These  results  should,  of  course,  be  far  better  than  the  fourth,  fifth,  sixth, 
and  ninth,  but  are  not  nearly  so  probable  as  the  seventh  and  eighth, 
which  depend  on  railroad-lines  run  directly  from  the  Cleveland  direct- 
rix to  the  Chicago  depots,  which  in  this  case  seem  well  connected 
with  the  Chicago  directrix.  The  height  of  the  Cleveland  directrix,  as 
brought  through  on  these  same  railroad-lines,  the  L.  S.  &  M.  S.,  the 
P.  F.  W.  &  C,  C.  &  P.,  and  C.  C.  Cj.  &  I.  R.  Rs.  had  checked  so  closely  with 
the  canal  and  lake  surface  result  that  they  are  entitled  to  great  weight 
in  their  westward  extension  to  Chicago.  In  connection  with  these 
directrices  of  Cleveland  and  Chicago,  the  fluctuations  of  the  lakes  have 
been  observed,  and  the  mean  surfaces  determined.  For  accounts  of 
these  fluctuations  see  Smithsonian  Contributions,  1860 :  Fluctuations  of 
Level  in  the  North  American  Lakes,  by  Charles  Whittlesey ;  also  a 
recent  report  from  the  Dudley  observatory,  Albany,  N.  Y. 

Determinations  1,  2,  3,  7,  and  8  are  the  only  ones  which  rest  upon 
sufiicient  evidence  to  make  them  of  much  value,  and  it  will  be  noticed 
that  the  range  among  these  five  is  only  2.53  feet,  with  the  lake  at  an 
unknown  stage  of  the  water.  The  range  among  those  three  that  refer 
to  the  mean  surface  of  Lakes  Huron  and  Michigan  is  only  1.53  feet.  I 
think  therefore  that  the  elevations  of  the  moan  surface  of  Lake  Michigan 
and  of  the  Chicago  directrix  will  probably  not  be  open  to  a  change  of 
over  one  foot.  We  have  here  at  the  Chicago  directrix  an  opportunity 
for  comparing  the  results  of  two  very  long  and  independent  lines  of 
railroad-levels,  those  of  theN.  Y.  C.  and  L.  S.  &  M.  S.  R.  Rs.,  and  of  the 
Pa.  R.  R.  and  P.  F.  W,  &  C.  R.  R.    I  give  the  results  in  detail ; 
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From  mean  tide  New  York  Bay  to  the  Chicago  directrix. 


By  tho  N.  Y.  C.  R  li. : 

Moan  tide  Albauy.  bv  Fnitwl  States  Coa»t  Survey. 

JJiilTalo depot,  bv  X.  Y.C.R.R 

Chicago  dopot,  by  L.  S.  &  M.  S.  It.  R 

Chicago  directrix 


Feot. 


Varioas  datum -plaDCs. 


^  s  «« 
H 


Do 


4.84 

57a  23 

17.  :tt) 

1*2.  iW 


Totul  dintance  from  New  York  Bay,  O&O  miles. 
By  the  Pa.  K,  It. : 

Pa.  R.  R.  datnui,  by  United  States  Coast  Survey.. 

Pittsburgh  Union  llepot,  by  Pa.  R.  R .*. . . 

Chicago  depot,  by  P.  F.  W.  &  C.  R.  R 

Chieaco  directrix 

Total  distance,  about  900  miles. 

Chicago  directrix,  by  X.  Y.  C.  &  L.  S.  &  M.  S.  R.  R.,  9j?0 

milc». 
Chicago  directrix,  by  Pa.  R.  R.  &  P.  F.  W.  i  C.  R.  R., 

900  miles. 
Di  tl'orenco 


5H7.57 

5tG.41 

2.1() 


Above  M.  T.  New  York  . 

Al>ovc  T.  at  Albany 

Above  Bnfttilu  drpot 

B<*low  (*]iic;(go.  L.  S.  6c  M. 
S.  dei>ot. 


Alwve  M.  T.  Raritan  Bay 

Al>ove  Pa.  R.  R.  datum 

lielow  Pittsburgh  de{iot  . . 
Below  Chicago  dep«»t 


SCTr.ST 


Above  M.  T.  New  York. . 
Above  M.  T.  Raritan  Bay 


585.41 


These  lines  are  about  one  hundred  and  fifty  miles  apart  tbrough 
the  first  half  of  their  course  and  about  fifty  miles  in  the  western  part. 
The  Pa.  II.  R.  crosses  the  Appalachian -mountain  system  in  a  difjicult 
place,  rising  to  a  height  of  2,290  feet,  among  ridges  that  must  exert  con- 
siderable attraction  upon  the  level,  while  the  N.  Y.  C.  and  L.  S.  &  M. 
S.  Railroads  are  through  comparatively  level  country;  and  yet,  after 
this  long  course  of  about  nine  hundred  miles,  the^^  reacli  Chicago  with 
only  two  feet  difference  in  their  levels.  The  result  seems  trulv  remark- 
able. The  height  by  the  Pa.  R.  R.  differs— 1.74  feet,  and  by  the  N.  Y. 
C,  L.  S.  &  M.  8.  R.  R.  +0.42  feet  from  the  adopted  elevation. 

The  N.  Y.  C.  R.  R.  is  checked  at  Bufialo,  three  hundred  miles  from 
Albany,  by  a  connection  with  surface  of  Lake  Erie,  state  of  water  un- 
known, but  assumed  to  be  mean  suriace.  The  railroad -levels  are  0.7  foot 
too  high.  At  Cleveland,  four  hundred  and  eighty  miles  from  Albany, 
the  railroad-levels  are  0.41  feet  too  high,  and  at  Chicago  0.42  feet  too 
high.  The  Pa.  R.  R.  is  checked  at  Harrisburgh,  one  hundred  miles  from 
Philadelphia,  where  it  is  intersected  by  the  N.  0.  R.  R.,  bringing  its 
levels  from  mean  tide  at  Raltimore,  eighty-four  mile«.  The  two  lines  of 
levels  difi'er  but  0.10  feet.  It  is  checked  again  at  Pittsburgh,  three  hun- 
dred and  fifty  miles  from  Philadelphia,  where  the  B.  &  O.  R.  R.  inter- 
sects, bringing  its  levels  from  mean  tide  at  Baltimore  about  three  hundred 
miles.  The  levels  by  the  Pa.  R.  R.  are  2.1G  feet  higher  than  by  the  B.  &  O. 
R.  R.,  but  the  connection  of  the  profiles  of  the  two  is  not  exactly  certain. 
It  is,  however,  not  improbable  that  mean  tide  at  Baltimore  is  a  little 
above  the  mean  level  of  the  ocean.  At  Alliance,  the  P.  F.  W.  &  C,  the 
extension  of  the  Pa.  R.  R.  line  of  levels  to  Chicago,  is  checked  by  the 
C.  &  P.  R.  R.  from  the  Cleveland  directrix.  The  elevation  of  Alliance 
by  the  Pa.  R.  R.  and  P.  F.  W.  &  C.  R.  R.  is  1081.G1  feet ;  that  by  the 
C.  &  P.  R.  R.  is  1083.23  feet  5  the  P.  F.  W.  &  C.  being  probably  too 
low. 

At  Crestline  it  is  checked  again  from  the  Cleveland  directrix,  the  ele- 
vation by  the  P.  F.  W.  &  (3.  R.  R.  being  1152.51,  and  that  by   tho  C, 
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C.  C.  &  I.  R.  R.  1152.98;  the  P.  F.  W.  &  0.  being  probably  too  lovr. 
At  Cbicago,  the  P.  F.  W.  &  C.  R.  R.  levels  are  1.74  feet  too  low.  Tbe 
mean  of  these  checks  at  Alliance,  Crestline,  and  Chicago  would  make 
the  whole  of  the  western  part  of  this  line  1.27  feet  too  low.  I  therefore 
think  it  not  improbable  that  the  elevation  of  Pittsburgh  by  the  Pa.  R. 
R,  may  be  about  1  foot  too  low.  Considering  all  the  evidence,  I  should 
be  inclined  to  adopt  746  feet  as  the  elevation  of  Pittsburgh  Union-depot 
track  instead  of  the  Pa.  R.  R.  result  of  744.913. 

The  longest  connected  line  of  railroad-levels  that  we  have  an  opportu- 
nity to  check  at  Chicago  is  that  of  the  G.  T.  R.  W.  of  Canada,  from 
Portland,  Me.,  to  Detroit,  Mich.,  and  thence  to  Chicago  by  the  M.  C.  R. 
R.    The  details  of  the  lino  and  its  results  are  as  follows : 

Elevation  of  Chicago  directrix  by  G,  T,  R.  W.  of  Canada  and  M,  C  JR.  R, 


Mean  liio;li  tiile  at  Portland 

:Mean  tiue,  G.  T.  11.  R.  datum  at  Three  Rivers  . 

Toronto 

Detroit  junction 

Cliira;;o  dopot 

CliicaKo  directrix 

Distance  from  Portland  to  Chicago  1,142  miles. 


Feet. 


4.5 
6.77 
239. 78 
340.22 
4.70 
6.50 


Various  datum-planes. 


Above  M.  T.  Portland  ... 
Above  M.  n.  T.  Portland. 
Above  G.  T.  R.  W.  datum 

Alwvo  Toronto    

Below  Detroit  junction 

Below  depot  of  M.  C.  R.  R 


'A 


58a.  07 


My  adopted  elevation  is  587.15  feet ;  therefore,  this  line  of  levels, 
eleven  hundred  and  forty-two  miles  long,  appears  to  be  in  error  only 
7.08  feet,  and  the  greater  part  of  this  error  is  in  the  M.  C.  R.  R.  line  in 
the  last  three  hundred  miles.  The  quality  of  the  line  in  different  parts 
is  shown  by  the  checks  at  various  points.  The  first  check  is  at  Toronto, 
six  hundred  and  thirty  miles  from  Portland,  where  the  line  is  connected 
with  the  surface  of  Lake  Ontario,  the  state  of  the  water  unknown,  but 
assuming  it  to  be  the  mean  surface,  the  levels  are  3.72  feet  too  low.  The 
next  check  is  at  Sarnia,  on  Lake  Huron,  eight  hundred  miles  from 
Portland,  where  the  line  is  connected  with  the  surface  of  this  lake;  the 
state  of  the  water  is  again  unknown,  but,  if  assumed  it  to  be  the  mean 
surface,  the  levels  are  1.88  feet  too  \o\\\  At  Detroit  junction  we  have 
an  ai)proximate  chock  by  the  height  of  that  point,  by  the  M.  C.  R.  R., 
above  H.  W.  in  river  at  Detroit,  June  1,  18G9.  The  M.  C.  R.  R.  gives 
the  height  of  Grand  Trunk  junction  at  17.90  feet  above  H.  W.  18G9. 
This  point  we  have  supposed,  by  the  geologicalsurve}"  report,  to  be 
about  4  feet  above  the  mean  surface  of  Lake  Erie;  heuce  the  junction 
would  be  21.90  above  Lake  Erie,  or  594.98  feet  above  M.  T.  The  eleva- 
tion of  this  point  by  the  G.  T.  R.  W.  is  591.27,  a  discrepancy  of  3.71 
feet.  From  this,  and  from  the  ninth  determination  of  elevation  of  Lake 
Michigan,  it  appears  that  there  is  an  error  of  about  4  feet  in  the  M.  C. 
R.  R.  profile,  in  the  difference  of  elevation  in  its  termini.  The  length 
of  this  line  is  two  hundred  and  eighty-four  miles. 

Establishing  the  elevation  of  the  Chicago  directrix  gives  us  the  means 
of  checking  another  very  long  line  of  levels,  extending  from  M.  T.  at 
New  Orleans  to  Chicago,  a  distance  of  nine  hundred  and  sixty  miles. 
The  details  of  the  line  are  as  follows : 

41  G  s 
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From  mean  tide  at  New  Orleans  to  Chicago^  by  N,  O.  J,  4- Gt  N,  B.  B.,  Mise.  C  R.  B.,  JV.  ^ 
T.  i?.  R.y  M,  ^  L,  R.  i?.,  y.  4-  A.  W,  H  R.,  if.  W,  slope  of  Mississippi  River  fourteen  nHtep 
Jf.  *J-  O.  /^.  -«.,  and///.  C.  iJ.  iJ. 

ELEVATION  OF  MEMPHIS,  TENN. 


Canton,  Miss.,  bv  N.  O.  J.  &  Gt  N.  R.  R 

GrenatUi,  Miss.,  by  Miss.C.K.  K 

Memphis,  L.  W.  in  Mississippi  River 

Memphis,  (supposed  to  be  aopot,)  by  M  &  T.  R.  R — 

Memphis,  depot 

Memphis,  L.  w  

Memphis  City  datum  +  100  feet  =  H.  W.  provioas  to 
1858,  by  city-enmueer  reoort. 

Grand  Junction,  Teun.,  by  M.C.  R.R 

Grand  Junction 

Memphis,  by  M.  &  C.RR 

Memphis,  depot  M.  &  C.  R.  R 

Memphis,  11.  W.  of  railroad  reports,  1844 

Memphis  City  datum  4-  100  feet  =  H.  W.  previous  to 
1858. 

(This  city  datum  +  100  feet  =  H.  W.  is  either  the 
n.  W.  of  1844  or  of  1850 ;  but  they  differed  only  0.4 
foot.  The  elevation  of  this  IL  W.  mark  in  several 
reiwrta  of  the  M.  &  C.  R.  R.  is  given  as  220.44 
above  tide  in  Mobile  Bay.  As  the  only  records  that 
I  have  of  the  M.  &.  C.  R.'^R.  are  alwve  L.  T.,  Mobile 
Bay,  this  320.44  may  be  above  L.  T.  In  this  case 
Memphis  H.  W.  would  be  218.74  above  Mobile  Bay 
"HL  T.,  but  in  either  ease  the  results  from  New  Or- 
leans and  Mobile  differ  very  little.) 

Final  remits. 

Memphis  H.  W.  previous  to  1858, 100  feet  above  city- 
datum. 

Do 

Do 


Feet 


Variona  dataoi-plan 


240.00 

56.  OU 

0.00 

75.00 


41.00 

334.44 
574.  44 
329.47 


35.00 
27.00 


Mean  of  the  above  adopted  restdt. 


Memphis  H.  W.  100  feet  above  city -datum. 

Memphis  U.  W.  100  feet  above  city-datum. 

Do 


280.44 
81&74 


Above  M.  T.  New  Orleana . 

Below  Canton 

Above  Grenada 

....do 


Below  M  &  T.  R.  R.  depot 


Above  Canton 

A1)ove  New  Orleans,  M.  T 
Below  Grand  Junction 


«S  «  a 

gHZ. 

.S  o  o  a 

-*4  U   ^  ■ 


H 


Below  M.  &  C.  depot 
Below  M.  &  C.  depot 


Above  New  Orleans  M.  T 


.do 
.do 


Above  New  Orleans,  M.  T . 

Above  Mobile  Bay , 

Above  Mobile  Bay,  M.  T  . . 


SS9.M 
184.  €• 

siaoi 


574.44 


344.97 
319.97 

sn.97 


2id.oe 

919L97 
217.97 


sia» 


MEMPHIS  TO  CHICAGO. 


Memphis,  Tenn.,  City  datum  -i-  100  feet  =  H.  W.  pre- 
vious to  1858,  by  K O.J.  &,  G.  N.,  M.  C,  M.  &  T. 
R.Rs. 


McEenzie  Junction,  by  M.  &.  L.  R.  It. 


L.  W.  Mississippi  River,  Sept  30, 1858,  atHickinan,  Ky. 

II.  W.,  1858,  at  Colnmbns,  by  Humphreys  and  Abbot's 
report. 

(This  makes  the  H.  W.  slope  of  the  river,  fh)m  Hick- 
roan  to  Memphis,  0.49  feet  per  mile,  supposing  the 
distance  to  hi*  190  miles  ) 

H.  W.  1858,  at  Columbus,  Ky.,  14  miles  up  the  Missis- 
sippi by  slope  of  river. 

H.  w .  at  Cairo,  by  preliminary  survey  for  M.  &  O. 
R.  R. 

Chicago  directrix,  by  chief  engineer  L  C.  IL  R.,  Octo- 
ber, 1873. 


Feet 

318.65 

269.56 

213.00 

37.80 

7.00 

11.50 

258.50 

Variona  datum-planea. 


Above  M  T.  Now  Orleans. 


Above      city-datum      of 
Memphis  +  100  feet  = 

H.w: 

Below  McKenzie 

Above  L.  W.  1858 


Above  H.  W.  Hickman  . . . 
Above  H.  W.  at  Colnmbaa. 
Above  H.  W.  at  Cairo 
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M3SMPHIS  TO  CHICAGO-Continued. 


Chicago  tlirectrix 

From  tbe  lipire«  given  above  we  have  also  Memphis, 

Tenn.,  II.  W.  =  city  datum  +  100  feet. 
Memphis,  H.  W.  1858 


Do 

Hickman,  Kv.,  H.  W.  1858 

Columbus,  lify..  H.  W.  1858 

Cairo,  H.  W.  1858 

Cairo  City  datum=ordiuary  L.  W. 


Feet 


1.00 


40.38 


Varioos  datum-planes. 


Above  M.  T.  New  Orleans. 
Above  New  Orleans  M.  T  . 

Above  previous  extreme 

H.W. 
Above  New  Orleans  M.  T  . 


Below  H.  W.  1858 


Cj  ^  •.* 

©   P  ** 

S  ^"^  . 
.2©  ©a 

«  g  o  S 


590.01 
218. 65 


219.  65 
313.01 
320.01 
331.  .51 
291.13 


The  adopted  elevation  of  the  Chicago  directrix  being  587.15,  this  line 
of  levels,  nine  hundred  and  sixty  miles  long,  reaches  Chicago  with  an 
error  of  only  2.86  feet.  The  error  of  connection,  due  to  using  the  H.  W. 
slope  of  the  Mississippi  River  for  fourteen  nailes,  would  not  probably 
exceed  a  foot  or  two.  At  Memphis,  the  line  is  checked  to  within  1.8  feet 
with  the  levels  from  Mobile  Bay.  At  Columbus  and  at  Cairo,  the  line 
is  checked  by  the  M.  &  O.  R.  R. ;  but  the  only  reports  of  this  line  which 
1  can  find  give  the  elevations  as  determined  by  an  experimental  survey, 
the  results  of  which  were  reported  to  the  second  meeting  of  stockhold- 
ers, in  1850.  The  character  of  reconnaissance-surveys  is  such,  and  the 
results  have  proved  so  inaccurate  when  I  have  been  able  to  compare 
them  with  the  construction-levels,  that  I  have  not  felt  justified  in  giving 
the  results  of  the  M.  &  O.  R.  R.  preliminary  survey  to  Columbus  and 
Cairo  any  weight  as  compared  with  the  profiles  of  constructed  lines.  It 
is,  however,  upon  this  preliminary  survey  that  Humphreys  and  Abbot, 
in  their  Hydraulics  of  the  Mississippi  River,  base  their  elevations  of 
Saint  Louis,  Cairo  and  Columbus,  and  consequently  their  slope  of  the 
river  from  Cairo  to  Memphis. 

RESULTS  BY  M.  &  O.  R.  R.,  PRELIMINARY,  COMPARED  WITH  ADOPTED  LEVELS. 


Feet 

Various  datnm-planes. 

Elevation  in  feet 
alH)vc  mean  aur- 
face  of  Atlantic 
Ocean. 

n  W.  at  Colnrabns,  by  M.  &  0.  preliminary  sarvey 

M.  T.  Mobilo  Bay 

308.50 

L70 

30G.80 

320.01 

320. 

Above  M.  L.W.  Mobilo  Bay 
Above  M.  L.  T 

H.  \V.  Colniubim.  bv  M.  &.  O.  nrollminarv 

Above  M.  T.  Mobile  Bay  . . 
Above  M.  T.  New  Orleaim. 

Above  L.  T.  Mobile  Bav . .  - 

306  60 

H.  W.  1858,  Columliiis,  bv  N.  0.  J.  &  G.  N.,  M.  C,  M.  & 

T..  M.  &  L.,  N.  &  N.  W.  R  R. 
U.  W.  Cairo, hy  M.  *■-  0- pr6Hmi»ft^  ^-^,^-- ....r 

320.01 

Do 

Above  AI.  T.  Mobile  Bay . . 

31&30 

n.  W.  1858,  Cairo,  by  N.  0.  J.  &,  G.  N.,  M.  C.  M.  &  T., 

33L51 

M.&L.,  N.&N.\V.R.R. 

It  will  be  seen  further  on  that  the  elevation  of  the  Cairo  City  datum, 
as  brought  from  New  Orleans,  is  within  a  foot  of  that  brought  from  the 
Cleveland  directrix,  via  Cincinnati  and  Indianapolis.  In  summing  up 
all  evidence  on  the  elevation  of  the  Cairo  City  datum,  on  page  647,  it 
will  be  shown  why  I  reject  the  levels  of  the  M.  &  O.  R.  R. 

If  we  consider  now  the  line  from  Portland  to  Chicago  and  from  Chi- 
cago to  New  Orleans  as  one,  we  have  a  connected  chain  of  railroad-levels 
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twenty-one  hundred  miles  long,  starting  from  mean  tide  at  Portland, 
Me.,  and  reaching  New  Orleans,  La.,  with  an  error  of  —9.9  feet.' 

If  we  join  the  N.  Y.  C.  and  L.  S.  &TVi.  S.  R.  Rs.  with  the  line  firom 
Chicago  to  New  Orleans,  we  have  a  connected  chain  of  railroad-levels, 
eighteen  hundred  miles  long,  starting  from  mean  tide  in  New  York  Bay 
and  ending  at  mean  tide  New  Orleans,  with  an  error  of  only  —2.44  feet 

Using  the  Pa.  R.  R.  and  P.  F.  W.  &  C.  R.  R.  for  a  through -coDnec- 
tion  in  the  same  way  between  mean  tide  Raritan  Bay  and  New  Orleaoa 
mean  tide,  a  distance  of  about  eighteen  hundred  miles,  the  levels  reach 
New  Orleans  with  an  error  of  — 4.61  feet. 

These  results  will  give  some  idea  of  the  accuracy  of  extended  lines  of 
railroad-levels  when  properly  connected. 

ELEVATION  OF  CINCINNATI  CITY  BASE.  WHICH    IS    STANDARD  LOW   "WATER  IN 

OHIO  RIVER,  62. 50FEET  BELOW  H.   W.  1838. 


First  determination. 

L.  W.  Ohio  River  at  CincioDati.  by  Miami  and  Erie 
CaDal. 

Mean  Hurface  of  Lake  Erie 

L.  W.  at  CincinDati 


Feet 


133.00 


Second  determination. 


Columbus,  Ohio,  by  C.C.C.&LR.  R 

Cleveland  directrix 

ColnuibuB.  Ohio 

L.  W.  in  Ohio  River  at  Cincinnati  water-works,  by 

CnL&X.and  I^M.RR. 
L.  W.  C  iuciu  uati 


167.33 


Third  determination. 

Colnmbns,  Ohio,  depot  track,  by  C.  C.  C.  &  L  ttom 

Cleveland  directrix. 
Athens.  Ohio,  junction  of  M.  &  C,  by  C.  &  H.  V.  R  R 

Athens  at  Junction  of  M.  &  C *i 

L.  W.  at  Cincinnati  point,  62.5  feet  below  H.  W.  1832, 

=  city  base,  by  M.  &  C.  R.  R. 
Cit3'  base  L.  W.  Cincinnati 


I\mrth  determination. 

Davton,  by  D.  &  M.  R  R 

L.  \V.  at  Cmclnuati,  by  C.  H.  &  D.  R  R. 

Mean  surface  of  Lake  Erie , 

L,  W.  Cincinnati 


ISflh  determination. 

L.  W.  Ohio  River  at  Parkersburgh,  by  report  of  a  lino 
of  levels  run  from  Cincinnati  to  Parkersburgh,  (not 
the  M.  &,  C.  R  R.) 

L.  W.  in  Ohio  at  Cincinnati,  by  same  report 


307.58 


96.00 
267.06 


lrt).00 
313.00 


Final  retvUt. 

L.  W.  in  Ohio  River  at  Cincinnati,  city  directrix : 

(10)  First  determination *. 

(1)  Second  determination 

<1)  Third  determination , 

(1)  Fourth  determination 

( 1 )  Fi f t h  determination , 

Meiin  with  weights - 

Adopted  result J 

(The  first  determination  is  given  a  weight  of  (10)  be- 
cause it  is  a  canal-line.  The  second  and  third  de- 
terminations are  well  chi>ckod  at  Columbus  by  the 
P.  C.  &.  St  L.  R  R  from  Pittsburgh.) 

A  dopt  ed  elevation  of  Pittsburgh 

Columbus  depot  track,  by  P.  C.  &  St  L.  R  R 

Columbus  depot  track 


aeo 


Various  datum-planea. 


a  B 


Below  Lake  Erie. 


.S  p  c  o 
e  e  9  S 


573106 
44a  OE 


Above  ClevoUuid  directrix. 


Below  Columbus  depot. 


Below  Colnmbns  depot. 
Below  Athens 


Above  Ijake  Erie  at  Toledo, 
Below  Dayton 


57Sc«8 
74a  01 


4aa4S 
74a  01 


647.01 

44a  01 


Above  M.  T.  Baltimore. 


.do 


Below  Pittsburgh. 


waoe 
44a  oe 


57a  90 
440.00 


44a  06 
43^43 
44a  01 

440.08 
440.00 
439.74 
439.74 


746.00 
74i'id 
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This  result  differs  but  0.8  feet  from  that  by  the  C.  C.  C.  &  I.  R.  E. 
from  Cleveland  directrix. 

If  we  consider  the  depot  track  at  Columbus,  Ohio,  as  the  point  of 
junction  of  two  long,  connected  lines  of  levels  from  the  sea,  one  being 
from  New  York  by  the  Erie  Canal,  surface  of  Lake  Erie,  C.  C.  C.  &  I.  E. 
R.,  and  the  other  by  the  Pa.  R.  R.  and  the  P.  C.  &  St.  L.  R.  R.,  we  should 
have  the  elevation  of  Columbus  by  the  former  as  743.01  feet  above  the 
sea,  and  by  the  latter  as  741.11  feet.  The  difference  between  the  two 
is  only  1.9  feet,  though  the  shorter  line  of  the  two  is  over  six  hundred 
miles  in  length. 

ELEVATION  OF  INDIANAPOLIS. 


CincinDati  L.  W.,  city-base 

Fint  determination. 


Caiubridge,  by  W.W.VaLRR 

Caiubrid<<e 

ludiauapulis  union  depot,  by  P.  C.  &  St  L.  R  R. 
IndiauapoliB  anion  depot 


Second  diterminatinn, 
Indianapolis  union  depot,  by  L  C.  &  L.  R.  B 


Indianapolis  nnion  depot  track 

Third  determination. 

City-datum  of  Fort  Wayne,  by  report  of  city-cngl- 
neor,  who  Rays  it  was'brougbt  b^*  canal.  As  this 
elevation  of  the  city-datnm  is  not  from  original 
caual-reporta,  I  do  not  dare  to  accept  it,  and  prefer 
the  following,  as  previous  results  nave  shown  the 
C.  C.  C.  &  L  and  P.  F.  W.  &  C.  to  be  so  reliable. 

Crestline,  byC.C.C.&LR.R 

Fort  Wayne  depot 

Do 

Cleveland  directrix 

Fort  Wayne  depot  of  P.F.  W.&  C 

City -datum,  by  city-engineer 

Fort  Wavue.  city -datum 

Fort  Wayne,  F.  W.  J.  <fe  S.  R,  R.  depot 

Junction  of  F.  W.  M.  &  C.  R.  R 

Do 

Cambridge,  by  F.  W.  M.  &  C.  R.  E 

Cambridge   

Indianapolis  union  depot,  by  P.  C.  &  St  L 

Indianapolis  union  depot 

(As  it  is  not  known  that  the  depots  at  Fort  Wayne, 
referred  to  hj  the  railroad-protiles,  are  the  same  as 
those  of  the  citj'-engineer's  report,  I  do  not  feel  cer- 
tain of  the  connections  by  this  line.  I,  tberei'ore, 
reject  this  determination,  and  use  only  the  first  and 
second  in  the  Unal  result.) 


Final  retuU». 

Indianapolis  nnion  depot: 

First  determination 

Second  determination 

^eau  adopted 

City-base  Indianapolis  is  L.  W.  in  WWte  River. 
Indianapolis  city-base 


Feet 


508.00 
'227.66 


283.01 


196.00 


577.33 
34a  00 
239.33 


15.31 


8.1 
6.0 


173.88 
227.66 


720.74 
722.75 


3.3.03 


Various  datam-planea. 


Above  city-base .. 
Below  Cambridge. 


Above  point  supposed  to 
be  city-base  because  H. 
W.  18.58  is  58  feet  in 
profile. 


Above  Lake  Erie 


Above  Cleveland  directrix. 

Below  Crestline 

Above  Cleveland  directrix. 


Below  P.  F.  W.  &  C.  depot 


Below  city-datum 

Above  F.  W.  J.  &,  S.  depot. 


Above  junction  . . . 
Below  Cambridge. 


Below  union  depot 


439.74 


947. 74 
720.74 


r22.75 


769.06 


575.08 
805.01 


789.70 


787.60 

'96i."43 

734.48 


721. 75 


68a  67 
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KLEVATIOK  OF  THE  SAINT  LOUIS  DIRECTRIX. 


First  determination. 


IndianApoIis  union  tiepot  track  — 
Terre  llauto,  by  T.  II.  aud  Ind.  R.  R 


Terro  Haute,  T.  II.  Sc  Ind.  deiwt 

Tern)  Uaate,  H.  W.  in  Wabauh  River 
Do 


Tcm^,  Haute,  river- bed  Wabaah  River. 
Do 


Terro  Haute,  ordinary  water  Wabash  River. . . 
Saint  I^uis  directrix,  by  St  L.  V.  &  T.  U.  R.  R. 
Saint  Louia  directrix 


Feot. 


217.00 


19.3 


SU.tf 


VariotiB  datam-pUiiie«. 


Below  onion  depot  Indian- 

apoliik 
J 


Below  depot 


S^ond  determination. 


Indianapolia  union  depot 

Yincennes,  by  Ind.  6c  V.  IL  R 


Vinf^nnea , 

Saint  LooiH  directrix,  by  C.  &  V.  and  St  L.  &  &  £. 

RRa. 
Saint  Louis  directrix , 


Third  determination. 


Cincinnati  directrix 

Present  depot  of  O.  &  M.  R.  R-,  by  city -engineer 

Vincennes,  by  O.  A:  M.  R.  R.  report  in  1857 

(It  is  not  known  whether  the  present  depot  is  referred 
to  in  this  old  pntfile.  If  not  tbe  present  one,  it  is 
probably  the  one  at  the  north  edge  of  the  city, 
which  is  a  few  feet  higher.  Assunuug  it  to  be  toe 
same  depot  as  at  ppesont :)  g       , 

Vincennes T. 

(On  account  of  the  uncertainty  above  mentioned,  this 
result  is  not  used,  but  merely  introduced  to  show 
how  small  the  proWblo  error  is  of  the  elevations  of 
Indianapolis,  and  Vincennes  as  determined  through 
Indianapolis.) 

Fourth  determination. 


71.  CO 


987.36 


atJO 


54.94 
GiLOO 


Below  depot 


Below  Terre  Haute  depot. 


Below  Indianapolis  union 
depot 


Below  Vincennes 


Chicago  directrix 

Effingham,  by  HI  Cent  R  R.,  (Chicago  branch.)  re- 
ported to  me  by  chief  engineer,  Octol>er,  1873. 

Saint  Louis  directrix,  by  St  L.  V.  &  T.  H.  li.  R 

Saint  Louis  directrix .• 


Fifth  determination. 


Chicago  directrix 

Mendota,  (111.  C.  R.  R.  crossing,)  by  C.  B.  Ai  Q.  R.  R . . . 
Vandalia,  (exact  crossing  of  St  L.  V.  &  T.  H.  R.  R.,) 
by  III.  C.  R.  R. 

Saint  LouiH  directrix,  by  St  L.  V.  &  T.  H.  R.  R 

Saint  Louis  directrix 


Sixth  determination. 

H.  W.  1858,  Columbus.  Ky.,  by  N.  O.  J.  &  Gt  N.,  M.  C, 
M.  &  T.,  M.  &  L.,  N.  &  N.  W.  R.  Rs.  to  Hickman, 
thcnco  fourteen  miles  by  river-slope. 

H.W.  1844,  probably 

Saint  Louis  directrix,  by  St  L.  &  L  M.  R.  R 

(Belmont  depot  is  certainly  not  below  H.  W.  at  Co- 
lumbus, on  the  opposite  side  of  the  Mississippi 
River:) 

Hence  by  thin  route  the  Saint  Louis  directrix  could 
notbe  lees  than. 

Seventh  determination. 


10.50 
170.80 


Above  city-directrix 

Below  0.6c  H.  Cincinnati 
depot 


Above  Chicago  directrix. 
Below  Effingham 


169.07 
249.00 

8a6 


Kemphis,  H.  W..  city-base  +  100  feet , 

Argenta,  (opposite  Little  Rock,)  by  M.  d&  L.  R.  R  R. . 


320.01 


319. 11 
100.3 


218.65 
86.00 


Above  Chicago  directrix. 
Below  Mendota , 


Below  Vandalia. 


Above  M-  T.  Now  Orleans. 


do 

Above  end   of  track   at 
Belmont 


Above  M.  T.  Xew  Orleans. 
Above  city-datum  -f  100 
feet 


7SL7S 
504.75 


48&45 


453L9S 
467.45 

433.']5 


7S1.75 


434.39 


43a  79 


339.74 


32&68 


587.15 


4^6.^ 


587.15 


433.03 


419.41 
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ELEVATION  OF  THE  SAINT  LOUIS  DIRECTKIX-ContiDued, 


Argeota , 

Saint  Louis  directrix,  by  C.  &  F.  «nd  St  L.  dt  Q.  M. 

RRs. 
(Assuming  that  tho  tracks  are  same  height  on  both 

aides  of  the  river  at  Little  Rock :) 
Saint  Loois  directrix 


Eighth  determination. 


Cairo  city-datam,  ordinary  L.  W 

Camii.  b'v  C.  dc  V.  R.  R.  and  citv-engineer. . 
Saint  Loiiis  directrix,  by  St  L.  &  S.  £.  R.  R. 
Saint  Louis  directrix 


Ninth  detemnnation. 


lino 


Cairo  H.  "W.,by  M.  &  O.  R  R.,  preliminary  lin« 

diirctrix,  by  C.  &  V.  and  St  L.  &  S.  E.  R.  Rs 


Saint  Louis 

Saint  Louis  directrix 

Saint  Louis  directrix,  by  IIL  Cent  to  VandaJia.  thence 

by  St.  L.  &  T.  n.  R.  Rs. 
Saint  Louis  directrix 


Foot 


119. 00 


291. 13 

123.70 

12.2 


Final  remUs. 


Saint  Louis  directrix : 

(1)  First  determination. ... 
(1)  Second  determination  . . 
Third  determination  . . . 
(1)  Fourth  determination. 

(1)  Fifth  determination 

(0)  Sixth  determination  ... 

(0)  Seventh  determination. 

(1)  Eighth  determination. . 

(0)  Ninth  determination . . . 
Mean  of  Ave 


Adopted  retuUs. 


Saint  Louis  dii-cctrix 

Saint  Louis  11.  W.  1S44 

Saint  Louis  II.  W.  HJ58 

Saint  Louis  IL  W.  1851 

Saint  Louis  L.  AV.,  extreme. 


318.30 
»3.4 


VarionB  datum-planes. 


Above  Little  Rock. 


Aljove  New  Orleans  M.  T. 
Above  Cairo  city  .datum  . . 

Above  Carmi 

Above  New  Orleans  M.  T. 


<M  8  q 

>  Se.o 
9iA  a, 


304.65 


423.  G5 


427.00 


Above  M.  T.  Mobile  liay 
Al>ove  n.  W.  Cairo 


411.70 


90.6 


433.15 
430.79 


420. 85 
4-23.  02 
r<il9.41] 
[423.  651 
427.03 
f411.  70J 
[414.  90J 
42a  29 


Above  Caii-oH.W. 


414.90 


Above  New  Orleans  M.  T. 

do 

do 


Above  Mobile  M.T. 


42a  29 
435.87 
431. 57 

4:n.  17 

394.48 


I  have  rejected  the  sixth  determination  because  of  the  uncertainty  of 
the  connection  at  Belmont,  and  the  seventh  from  the  uncertainty  of  the 
connection  at  Little  Rock.  The  two  results  of  the  ninth  are  rejected 
because  they  are  the  results  of  a  mere  preliminary  survey  on  a  line  about 
live  hundred  miles  long.  The  remainder  are  given  equal  weight  because 
Cincinnati  and  Chicago  are  about  equally  distant  from  Saint  Louis,  and 
the  connections  equally  good.  The  best  result  on  the  elevation  of  Saint 
Louis  will  be  obtained  when  the  C.  A.  &  St.  L.  11.  R.  rerun  their  levels ; 
their  own  engineer  making  the  connection  with  the  city-directrixes  at 
both  termini.  If  these  levels  are  run  with  care,  the  elevation  of  Saint 
Louis,  as  deduced  by  them  from  the  Chicago  directrix,  should,  I  think, 
supersede  the  one  1  have  adopted.  The  elevation  of  the  Saint  Louis 
directrix,  as  given  in  Humphreys  and  Abbot's  Report  on  the  Hydrau- 
lics of  the  Mississippi  River,  is  405  feet.  The  causes  of  their  error  were 
the  adoption  of  the  elevation  of  Cairo  H.  W.  above  Mobile  Bay,  as  de- 
termined by  the  preliminary  line  of  the  M.  &  O.  R.  R.,  and  of  the  eleva- 
tion of  Saint  Louis  above  Cairo,  as  i*eported  by  Gen.  G.  B.  McClellan. 
His  report  wiis  based  on  a  connection  of  the  L  C.  R.  R.,  and  the  O.  & 
M.  R.  R.    This  part  ot  the  O.  &  M.  R.  R.  profile  cannot  now  be  had. 
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His  elevation  of  Saint  Louis  directrix  above  H.  W.  Cairo  is  82.9  feet 
By  connecting  the  111.  Cent,  with  the  St.  L.  V.  &  T.  H.  R.  R.  at  Vao- 
dalia,  my  result  for  the  diil'ereuce  of  elevation  of  these  points  is  96.6 
feet ;  by  111.  Cent.  R.  R.  to  Decatur,  and  T.  W.  &  W.  R.  R.  to  Saint 
Louis,  96  feet ;  by  111.  Cent,  to  Effingham  and  St.  L.  V.  &  T.  H.  B.  R. 
to  Saint  Louis,  98.2  feet;  by  C.  &  V.  and  St.  L.  &  S.  E.  R.  R.8,  93.4  feet; 
and  by  a  preliminary  survey  for  railroad  from  Saint  Louis  to  Oa  ro,  102 
feet  The  mean  of  my  four  determinations  by  constructed  lines,  the 
preliminary-survey  result  of  102  feet  being  excluded,  is  96.05  feet  for 
the  elevation  of  Saint  Louis  directrix  above  H.  W.  at  Cairo. 

I  hope  the  evidence  that  I  have  presented  will  be  considered  as  war- 
ranting this  important  change  of  23.3  feet  that  I  have  made  iu  the  ele- 
vation of  Saint  Louis  and  the  fall  of  the  Mississippi  River.* 

ELEVATION  OF  OMAHA. 


First  determination. 

Dnbnque,  MKSissippi  Kiver,  by  a  report  from  Mr.  J. 

A.  Laphaiu,  Milwaukee. 
Dnbuqiie,  L.  W.  MUisidsippi  River,  by  Galeoa  &  Chi. 


Lake  Michieah.  meau  surface 
Dubuque,  L.  W.  MisHisaippi  River 


Dubuque,  adopted  L.  W. 
"         Mi 
qui 
Sioux  City,  track  on  leveti,'by  HL  Ceot  R.  R.,  Iowa  di- 


viaioQ. 

Sioux  City,  track  on  levee 

Do 

Mo.  Valley  junction  with  C.  &  N.  W.  R.  R.,  by  S.  C.  & 

P.R.R. 

Mo.  Valley  junction 

Council  Blutia  station,  by  C.  &N.  W.  R.  R 

Council  BlulfH  station 

Missouri  River 

Do 

Council  BlutfH,  Missouri  River  L.  W.,  by  two  other 

reports  of  C.  &  N.  W.  R.  R. 
Couuoil  Bluffs,  L.  W.  Missouri  River 


Check  uponfirit  determinaUon, 

Fremont,  by  S.  C.  &  P.  R  R ., 

l>Y6mont 

Omaha,  L.  W.  mark  base  of  U.  P.,  bv  V.  P.  R  R. 

Do : 


Foet 


10.00 
13.00 
12.00 


532.50 

5.34.20 

"90.'6* 


20.00 

"si.  66 
'si.' 66 


190.3 


236.00 


YariouB  datum  planes. 


Above  Lake  Michigan 

do 

do 


Above  L.  W.  at  Dubuque. . 

Above  Lake  Michigan 

Below  S.  C.  track  on  levee 


589.15 
60L15 


Below  M.  V.  junction 
Below  M.  V.  junction 
Below  M.  V.  junction 


!■ 


Above  M.  Y.  junction 


Below  Fremont. 


1. 133L  35 

1.03a.  75 

i,6i4T5 
i,a6i."75 


1, 001.  75 


1, 223.  05 


987.05 


This  latter  result  is  evidently  the  correct  one;  for  if  L.  W.  was  only 
11  feet  below  the  Council  Bluffs  station,  as  is  reported  by  the  O.  &  N. 
W.  R.  R.,  then  their  station  would  be  overflowed  8  feet  in  time  of  high 
water.  By  the  careful  leveling  of  the  bridge-company  at  Omaha,  tiie 
flat  alluviiil  regions  on  both  sides  of  the  Missouri  River  were  shown  to 
be  about  twenty  feet  above  L.  W.  Hence,  I  reject  the  report  of  low 
water  by  the  0.  &  N.  W.  R.  R.,  and  by  levels  from  Council  Bluffs  sta- 
tion across  to  the  U.  P.  R.  R.  L  W.  base  at  Omaha.  The  various  old 
and  new  datums  on  the  Council  Blufiis  side  of  the  river  cannot  differ 
over  2  feet  in  height. 

*  Sioce  the  above  was  written,  I  have  found  a  report  of  the  Saint  Louis  and  Irou 
Mt.  R.  li.  surveys,  signed  by  J.  H.  Motley,  chief  engineer,  giving  H.  W.  in  Mississippi 
Kiver,  at  Ohio  City,  opposite  Cairo,  as  97  feet  below  the  Saint  Louis  directrix,  and 
H.  W.,  Mississippi  River,  New  Madrid,  as  126  feet  below  Saint  Louis  directrix. 
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Omaha,  L.  W.  base  of  U.  P.  R  B.  surveys,  by  level- 
ing; of  brid^e-eninnoers. 

Comicil  Bluils  station  

Omaha,  L.  W.  base  of  U.P.B.E 


Second  determination. 

Council  Bluffs  station,  by  C.  dt  N.  W.  R.  R 

Lake  Michigan  moan  surface 

Council  Blufis  station 

Omaha,  L.  W.  base  of  U.  P.  R.  B 

Do 


Third  determination. 

Rock  Island  depot  track,  by  C.RL&P.R.R 

Rock  Island  depot  track,  by  C.  B.  &  Q.  to  Monmouth, 

thence  by  R.  R.  I.  &  St.  t.  R.  R. 
Rock  Island  depot  track,  by  C.  R  L  dc  P.  to  Peoria, 

and  P.  &  R  I.  R  R 
(Assuming?  the  above  as  referring  to  mean  surface  of 

Lake  Michi|;aii,  I  adopt  the  mean  with  weights 

as  marked,  giving  much  the  greater  weight  to  the 

direct  throii;;h-lino.) 
Adopted  result  for  Rock  Island  depot  track 


Do 
Do 


Davenport  depot  track,  comer  of  Fifth  and  Perry 
strectn,  bv  line  of  levels  run  for  United  States 
Weather-Bureau,  1872. 

Davenport^  old  depot  track 

Davenport,  L.  W.  datum  of  C.  R  I.  &  P.  and  P.  Sc  S. 
W.RR 

Davenport,  C.  R  L  &  P.  R  R  datum 

Council  Bluffs  station-grounds 

Do 


Omaha,  L.  W.  base  of  U.  P.  R  R 


Do 


Fourth  determination. 


Bnrlington,  L.  W.  datum  of  B.  &  M.  R  R,  by  C.  B.  & 

Q.  R.  R 

Burlington  L.  W.,  B.  &.  M.  R  R  datum 

East  Plattsmouth,  H.  W.  Missouri  River 

East  Plattsmouth,  L.  W.  Missouri  River , 

East  Plattsmouth,  H.  W.  Missouri  River , 

East  Plattsmouth,  L.  W.  Missouri  River,  by  B.  dc  M. 

RR 
Kearney  junction,  by  B.  &  M.  and  P.  R  Rs 


Feet. 


2L80 


420.9 


21.80 


(8)  20. 00 
(1)  20. 03 

(1)  22. 70 


20.47 
ia47 


23.20 


32.00 
432.00 


21.80 


75.26 


438.30 
421.30 


Various  datum-planes. 


Below  Council  Bluffs  sta- 
tion. 


Above  Lake  Michigan 


Below  Council  BluA. 


Below  Lake  Michigan . . . 
Below  Chicago  directrix 


Below  Lake  Michigan 


Below  mean,  Lake  Mich- 

ig^in. 
BeU>w  Chicago  directrix . 


Above  Rock  Islind  depot 
track. 


Below  depot  at  Davenport . 


Above  Davenport  datura . 


Below  Council  Bluffs  sta- 
tion. 


Below  Chicago  directrix 


c  «  ca 

a  5— • 

.2  3  <-; 

a  B 

c     '*^  ^ 

.s  O  C  fl 

rt  i:  ©  S 

•  ®  3  S 

«  a<gO 


Above  datum  at  Burlington 
do 


Do 


Omaha.  L.  W.  base  of  U.  P.  R  R,  by  U.  P.  R  R 
Omaha,  L.  W.  base  of  U.P.RR 


Fifth  determination. 
Moberly,  by  St  L.  K  C.  &  N.  R  R  . .. 


Snint  LouiM  directrix 

Hannibal  H.W.  1851. 

Do 


Do 


Quincy,  L.  W.  1854,  by  C.  R  &  Q.  R  R 

Quiucv.  H.  W.  1851 

Htiimibal,  H.  W.  1851,  by  slope  of  river  at  one-half 
foot  p(«r  mile. 

Hannibal,  H.  W.  1851 

Do 

Saint  .Tosei)h.  H.  W.  Missouri  River,  by  H.  &  St  J. 
RR. 

Do 


1, 629. 00 


Above   L.  W.  datum   at 
Burlington. 


1, 179. 00     Below  Kearney  junction. 


454.37 


Above  Saint  Louis  direct- 
rix. 


397.50 
56.87 


Below  Molierlv 

Al>ovo  Saint  Louis  direct- 
rix. 


114. 76 

94.04 

&00 

102.04 

"moo 


Below  Chicago  directrix. 

do...... 

Below  Quincy  H.  W 


Below  Chicago  directrix 


Above  H.  W.  Hannibal. 


1,012.73 
990.95 


589.15 
1, 010. 05 


988.25 


56a  68 


591.88 


559.88 


991.88 


970.08 


511.89 


95a  10 
933.19 


2,140.89 


961.89. 


428.29 


iQHiW 


485.11 
820.11 
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Vatiou.  d«n™-plnn«. 

i 

1.M3.DC) 

Ab0T6H.W.iM  Saint  Joe 

«.1«.U 

1.  nv.  00 

L. -W.  bMi.  of  P.  P.  R.  R  .t  Oranlm: 

Brt.ftS 
Ml.  11 

By  S.  C.  t.  P..  by  FnMQont 
ByC.4N.W,fi,B 

BylJ;i.M.fMidU.P.r^ 

AinpUi  TttvU. 

(Thiniasetl-lnaiiulntelvriiBH  Uinibn  on  Ok  piib. 
llid>«l  |.r.>lllc»of  the  U.  R  K.  K,  w>i.  n  ntuuu  lUu.l- 
lUK  ui-oi  tba  brnik  of  Ilio  rlvuT.    It  i»  noir  wailutd 

BO.  00 

SIM 

' 

From  this  dt-termiimtion  of  Omaba,  it  seems  that  31.9  feet  miiBt  be 
skilled  to  all  the  elevatioua  of  tbe  U.  P.  K.  K.  to  give  tlie  (rue  Leiebt 
above  the  sea;  bnt  tbe  range  ainoug  the  results  is  so  large  tbat  the 
leveliQg  across  Iowa  muat  be  very  poor  an  compared  with  tbat  of  tlie 
tiues  east  of  the  Mississippi  Biver. 

Oraaba  cauDot  be  considered  as  well  determined  as  Kansas  City  ;  bnt 
this  mean  of  five  level-lines  is  much  more  probable  than  the  old  deter- 
uiiuatiou,  which  rested  on  barometric  observations. 

EtEVATION  or  KANSAS  CITT. 


1 

m 

F«>t. 

Vnrioas  daLnm-plinet. 

|HI 

cntofRitlniad- 

3(2.00 

Abore  Saint  Loole  direci- 

briiliie,  fijUu.T.  RR..  crportHl  (« 

Tw.aa 

SeanddtU^matan. 

d  H.  *  8L  J.. 

e  of  kiv«la  run 

335.es 

Abovo  Saint  Louis  dlrect- 

Kniiuu  City.  H.W.iunrk  leit,  byli 

AlBTO  Saint  Lonla  direct- 

D« 

GARDNER.] 


GEOGRAPHY — ^ELEVATION   OP   DATUM-POINTS. 


651 


Third  determination. 

Qaincy,H.  W.  1851,  by  C.R&Q.RR 

Quincy.  II.  W.  1851 

Haunibal,  H.  W.  by  Hlopo  of  rivor  one-half  foot  per 
mile. 

Hannibal,  IL  W.  1851 

Kansas  City,  by  H.  &  St  J.  R  E 


Kansas  City 

Kansas  City,  H.  W.  1844 
l>o 


Fourth  determination. 


Feet 


94.04 


8.00 


375.00 


11.25 


Varions  datnm-planes. 


Below  Chica;;o  directrix 


Below  Quincy  IL  W. 


Above   Haunibal   H.  W. 
1851. 


Above  old  St  J.  R.  R.  depot 


Davenport,  C.  R.  L  &  P.  R.  R.  datum 

Leavenworth  railroad-bridge,  by  C.  R.  L  &  P.  R.  R., 

southwest  division. 

Leavenworth  railroad-bridge  track 

Bridpo  over  Five-Mile  Creek,  Leavenworth,  by  special 

levels  run  by  city-engineer. 
Bridge  over  Five-Mile  Creek,  track  of  L.  &  L.  R.  R. . . 
Junction  of  the  L.  &  L.  branch  with  K.  P.  R.  R.,  nmin 

line. 

Junction  L.  &.  L.  and  K.  P.  R  Rs 

Kansas  City  track  at  State  line 

Do 


Kansas  City,  H.  W.  1844 , 

Do 

Final  rewUt. 

Kansas  City,  H.  W.  1844,  marked  on  abutment  of  rail- 
road-bridge : 

(5)  First  determination 

(5)  Second  determination 

(1 )  Third  determination 

(1)  Fourth  determination 


371.00 


56.21 


49.00 
68.66 


7.25 


Mean  with  weights 

Adopted  remit 
Kansas  City,  H.  W.  1844 


Above  Davenport  datum. 


Below   track  of  railroad- 
bridge. 


Above  Five-Mile  Creek. 


Below  L.  Si.  L.  junotion. 


Above  K.  P.  track  at  State 
line. 


770.29 
772.71 
771.36 
762.92 

770.77 


ByMo.P.RR 

By  St  L.  K.  C.  &  N.  R  R  . 

By  H.  &  St  J.  R  R 

By  C.  R  L  &  P.,  south- 
western division. 


493. 11 
485.11 
760.11 


771.36 


559.88 


830.88 
774.67 


823.67 


755.67 


762.93 


770  77 


I  have  given  tbe  greater  weights  to  the  first  and  second  determinations, 
which  come  directly  from  Saint  Louis  directrix,  each  one  being  a  contin- 
uous line,  run  under  the  direction  of  one  company.  The  old  elevation 
for  Kansas  City  H.  W.  1844  was  655.51.  This  determination  was  re- 
ported by  Mr.  O.  Chanute,  chief  engineer  K.  C.  bridge,  to  Mr.  E.  C. 
Smead,  chief  engineer  of  the  K.  P.  R.  R.,  July  14, 1870,  and  has  been 
used  not  only  by  the  K.  P.  R.  R.  but  by  all  the  other  lines  diverging 
from  Kansas  City.  The  altitudes  above  sea  given  by  all  these  lines 
need  therefore  to  be  increased  about  115  feet.  The  cause  of  Mr.  Chan- 
ute's  main  error  was  due  to  a  false  report  of  the  profile  of  the  Mo.  P.  R. 
R.  height  of  H.  W.  1844,  K.  C.  above  the  Saint  Louis  directrix.  He 
gives  this  height  as  252.51  feet,  when  it  should  have  been  352.51,  which 
was  the  old  result  from  computing  their  levels.  I  have  four  reports  from 
this  railroad,  including  Mr.  Chanute's.  The  report  given  me  personally 
by  Mr.  Talmadge,chief  engineer  and  general  superintendent,  in  October, 
1873,  gives  342  feet ;  another  report,  by  the  same  gentleman,  351  feet ;  a 
report  by  Mr.  B.  Miller,  342.35  feet ;  and  Mr.  Chanute's  report,  252.51 
feet.  I  think  the  evidence  conclusive  that  the  report  of  252.51  feet,  here- 
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tofore  relied  on  for  this  difference  of  elevation,  was  intended  for  352^1, 
but  altered  in  copying.  The  remainder  of  tbe  error  was  due  to  assum- 
ing the  old  elevation  of  tbe  Saint  Louis  directrix. 


ELEVATION  OF  DENVER,  COLO. 


Foet. 


Pint  determinatwn. 
State-lino,  eastern  terminus  of  E.  P.  R  R  track. 


7.25 


Kansas  Cit\-,  H.  W.  1844  . . . 

State-line,  K.  P.  R  R  track 

Denver  jnuction  of  K  P.  &  D.  P.  R  R,  by  K.  P.  R  R. .  j  4, 44ii  70 

Denver  junction 


Denver,  D.  P.  &K.  P.  R IL  depot  track,  by  D.  P.  profile. 
Denver,  D.  P.  Sc  K.  P.  passenger-depot  track 


Second  deUrmsnation. 

Cheyenne,  TJ.  P.  depot  track,  by  U.  P.  R  R , 

Omaha,  U.  P.  L.  W.  datum 

Cheyenne,  IT.  p.  R  R  depot  track 

Denver,  D.  P.  &  K.  1*.  R  R  depot,  by  D.  P.  R  R. . . , 
Denver,  K.  P.  &  D.  P.  R  R  pcMsenger-depot  track. 

Third  determination. 


Constniction-stntion  3985,  near  Pino  Bluff,  on  U.  P.  R 

R,  byU.P.RR 
Station  39d5 


13.35 


5,005.00 


Denver,  D.  P.  depot,  by  a  D.  P.  R  R  preliminary 

Denver,  D.  P.  depot 

Final  retuLU. 


(1)  First  determination.. 
(1)  Second  determination 
(0)  Third  determination  . 
Mean  with  weights 


Adopted  retuU. 

Denver,  D.  P.  &  BL  P.  R  R  passen/ser-depot  track. 

Difference  from  the  mean,  by  K.  P.  R  R 

Difference  by  U.  P.  R  R 


87a  70 


Various  datum-planes. 


Below  H.  W.  1644.  Kansas 
City. 


Above  State-line . 
Below  junction . . 


Above  Omaha  IT.  P.  R  R., 
L.  W.  datum. 


Below  Cheyenne 


4, 113. 00 


101. 45 


5, 19&  97 
5, 194. 80 
5,192.35 
5,196.58 


-f  2.39 
-  2.38 


Above  Omaha  L.  W.  datum 


a;   S  -^ 

•Si  G  G  O 

a  e  <^  S 


Above  station  3985  U. 
RR 


BvK.P.RR 

ByU.P.RR&D.P. 
By  D.  P.  preliminary  - 


770.77 
7C3.53 


5.SI2L9S 
5,'i9i'97 


977  90 
6,  07i  9H 


5,  IIM.  20 


5,090.90 


5,192.35 


5,196.58 


The  third  determination  is  given  no  weight  as  against  the  constraction- 
levels  of  the  same  railroad.  Such  a  close  agreement  between  the  U.  P.  and 
K.  P.  lines  was  not  to  be  expected  when  we  realize  that  for  the  last  thousand 
miles  they  are  really  independent,  one  being  from  Chicago,  by  way  of 
Saint  Louis  and  Kansas  City,  and  the  other  by  way  of  Omaha  and 
Cheyenne.  Though  Denver  is  two  thousand  miles  from  the  sea,  this 
determination  of  its  elevation  is  probably  very  close  to  the  result  tJiat 
would  be  obtained  by  the  most  accurate  line  of  levels  run  across  the 
country  for  scientific  purposes ;  but  a  considerable  error  must  pertain 
to  all  results  from  the  effect  of  the  mass  of  the  Eiocky  Mountains  in  de- 
flecting the  level  from  a  truly  horizontal  position.  We  cannot  tell  how 
much  this  error  is  until  a  most  accurate  geodetic  belt  is  completed  from 
the  Atlantic  to  the  Eocky  Mountains,  and  then,  knowing  the  stiition- 
errors  or  the  deflection  of  the  plumb-line  along  the  belt,  we  may  correct 
the  leveling  proportionally.    As  this  cannot  be  done  for  many  yeara^ 
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tbe  elevation  of  Denver,  as  bere  determined*,  will  be  made  the  base  for 
our  bj-psometric  surveys  in  tbe  llocky  Mountains. 


ELEVATION  OF  CHEYENNE. 


(Cheyenne,  U.  P.  pasaenger-depot  track,  by  D.  P.  R.  R 

Pen  vor 

Cbeveune,  U.  P.  pa«seiiger-depot  track 


Feot. 


87a  70 


Voriooa  datam-plancs. 


Above  Denver 


•*A 

L     O 

o 

t»^ 

^ 

S  w' 

yim 

00  g 

a 

9 

r-;^       . 

•P« 

>  =  s 

-♦- 

8^5 

» 

5,  196.  £8 
6, 0"i5. 28 


ELEVATION  OF  GOLDEN  DIRECTRIX. 


Golden  directrix,  by  C.  C.  R  R- 


South  Y  at  junction,  by  D.  P.  R.  R 

Golden  directrix 

Do 


519.9 

12.5 
532.4 


Above  south  Y  junction 

near  Denver. 
Above  Denver  depot 

do : 


5, 728. 98 


ELEVATION  OF  OGDEN,  UTAH. 


Cheyenne  

Ogden  depot,  by  U.  P.  R.  R 
Ogden 


Second  determifMHon, 


Ogdcn  depot,  by  C.  P.  R  R. 
Og'den 


Final  resuU. 


(1)  First  detormi nation... 
(10)  Second  doterraination 
Mean  with  weights 


Adopted  reavU. 


Ogden  depot  track 


1, 749. 00 


Below  Cheyenne 


4, 301     Above  Pacific  Ocean. 


4.326.28 
4.  :m.  00 
•1,  303. 3 


By  TT.  P.  R  R 
By  0.  P.  R  R. 


6,07.\fi8 


4,326.28 


4. 301. 00 


4.303.3 


Tbe  result  by  tbe  Central  Pacific  of  California  is  given  much  tbe 
greater  weight,  because  it  is  a  continuous  line  of  levels  run  by  one  rail- 
road-company, the  same  chief  engineer,  Mr.  S.  S.  Montiigue,  superintend- 
ing tbe  running  of  all  tbe  lines  and  the  making-up  of  preliminary  and 
final  profiles.  The  length,  also,  of  this  line  is  only  about  one-third  of  that 
from  the  Atlantic  Ocean. 

If  we  consider  these  lines  as  one  long  chain  of  levels  from  the  Atlantic 
to  the  Pacific,  we  have  connected  railroad-levels  extending  not  less  than 
thirty-five  hundred  miles,  and  reaching  the  Pacific  Ocean  with  an  error 
of  25  feet.  If  we  form  a  continuous  line  of  levels  by  joining  those  of  the 
Pa.,  P.  F.  W.  &  C,  C.  E.  I.  &  P.,  U.  P.,  and  C.  P.  k  R.s,  they  reach  the 
Pacific  with  an  error  of  -f  13  feet. 

If  a  chain  is  formed  by  putting  together  the  lines  from  New  Orleans 
to  Cairo ;  thence  by  I.  M.  li.  R.  to  Saint  Louis ;  thence  by  Mo.  P.,  K.  P., 
D.  P.,  U.  P.,  and  C.  P.  R.  R.s,  the  line  is  thirty-two  hundred  miles  long, 
and  reaches  the  Pacific  Ocean  with  an  en*or  of  -f  26  feet.  In  this  chain, 
the  levels  of  eleven  different  railroads  are  connected. 
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ELEVATION  OF  COLORADO  SPRINGS. 


(Denver  depot  of  I).  &  R.  G.  R.  W.  track  is  reportwl 
to  be  one  foot  abovi^  D.  P.  R.  R.  track.  Tins  niay 
be  in  error  0.2  foot.  The;  foHowini;  llcnres  arc  taken 
from  the  official  profile  in  use  at  the  D.  &  R.  G.  It  R. 
comimn^''R  office.) 

Denver,  K.  P.  (U'irat 

Di'nver  depot  D.&  RG.R.R 

Colorado  Sprin^H  depot 

Colorado  Sprin^ss 

Denver,  D.  P.  &  K.  P.  depot 

Colonulo  Springs  dejwt 

Colorado  SpriufTs  Ilotel  floor,  by  rei>ort  of  Mr.  £.  S. 
Nettleton.  C.  E. 

Colorado  Springs  TTotel  floor 

Rock  basin  of  Mnuitou  Spring,  bv  levels  from  rail- 
road-bench, by  K.  S.  Nettleton,  C  E. 

Pock  basin  of  Mauitou  Spring 


Feet. 


a,  UH  6 

5, 143. 6 

5.  IWl.  6 

7«).0 


826.67 
1,15132 


Various  datum-pianos. 


I 


Above  Denver  K.  P.  depot 


Above  Denver  K.  P.  depot. 


Above  Denver  K.  P.  depot. 


&4 


5.9tS.W 


6,  033.fi 
6.S96.99 


Elevation  of  Pike's  Peak. 

I  am  greatly  indebted  to  Mr.  E.  S.  Nettleton,  civil  engineer,  for  a  re- 
port dated  June  29,  1874.  of  a  line  of  levels  wliich  he  has  just  run  from 
a  D.  &  R.  G.  R.  W.  bench  at  Colorado  Springs  to  the  exact  suoifuit  of 
Pike's  Peak.  The  line  was  run  on  the  request  of  Gen.  Albert  J.  Meyer, 
Chief  Signal-Officer,  U.  S.  A.,  and  at  the  expense  of  the  War  Depart- 
ment, for  determining  the  elevation  of  the  United  States  Sigual-Office 
meteorological  station,  which  is  situated  on  the  summit  of  the  peak. 


ExAct  highest  n>ck  on  Pike's  Peak. 
Do 


Vorions  datum-plnnes. 


w=  S  a 
t    «  e*'3 


Above  Denver  K.  P.  depot. 


I 


14, 14a  68 


Elevation  of  Mount  Lincoln  and  Fairplay. 

The  D.  &  S.  P.  R.  R.  having  run  a  line  of  levels  for  the  final  location 
of  their  railroad  up  to  Fairplay,  we  secured  the  services  of  their  engi- 
neer to  continue  the  line  to  the  summit  of  Mount  Lincoln,  at  the  expense 
of  our  survey.  The  object  of  this  was  to  determine  the  exact  elevation 
of  our  barometric  station  situated  near  the  top  of  the  peak.  The  fol- 
lowing (ire  the  results  of  this  line  of  railroad  levels : 
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Denver  (D.  P.  &  K.  P.)  depot 

Door-sill  of  Sentinel  office Pairplay  . . 

Do 

Cistern  of  Monnt  Lincoln  barometer 

Do    

Sammit  of  Moont  Lincoln 

Do 


Feet. 


.4,  767. 91 


8, 991. 05 
9,i66.'0d 


Varioas  datum-planes. 


Above  Denver  depot. 


Above  Denver  depot. 
Above  D^ver  depot. 


5  a*- 

§^-  • 

.2  ©op 

<B  i  §  V 


5,196.58 


9, 964. 49 
H  296.66 


ELEVATION  OF  POINTS  ON  THE  OHIO  RIVER. 


Pittsburgh,  union  depot  track 

Pittsburgh,  L.  W.  city -datum 

Do 

Pittsburgh,  H.  W.  1852 

Pittsburgh,  H.  W.  1832 

(These  data  are  from  report  of  city  engineer,  Mtrcb 

15.1871.) 
Steubenville  P.  C.  &  St.  L.  R  R  depot  trpck,  by  P. 

C.  &  St.  L.  R.  R. 

Steubenville  depot,  P.  C.&  St  L.RR 

Steubenville,  L.  W.  in  Ohio,  by  old  P.  &  S.  R  R 


Steubenville,  L.W.  inOhio 

StoubenviUo,  about  H.  W.  1852,  by  C.  &  P.  R  R 

Do 

Bridgeport,  about  H.  W.  1852,  by  O.  &  P.  R  R 

Bridgeport,  about  H.  W.  1852 

(Bridgeport  is  opposite  Wheeling.) 

Bolliirc,  5  miles  below  Bridgeport,  about  H.  W.  1852, 
by  C.  &  P.  R  R 

Do 

Wheeling,  H.  W.  February  1832,  by  B.  &  O.  R  R 

By  the  same  report  the  chMincl  is  given  at 

(These  B.  &  O.  R  R  results  are  considered  too  low, 
as  they  give  an  improbable  fall  to  the  Ohio  from 
Steubenville.  The  L.  W.  fall  from  Pittsburgh  to 
Steubenville  is  known  bv  the  P.  &  S.  R  R  survey  to 
bo  about  one  foot  i>er  mile.  The  report  of  the  C.  & 
P.  R  R  for  Bellalre  seems  to  give  the  most  probable 
result.  From  Steubenville  to  Bellalre  the  distance 
bv  river  is  'ibout  twenty-eight  miles,  therefore  L. 
W.  at  Bellalre,  giving  the  maximum  probable  fall 
one  foot  per  mile.) 

Bellalre,  L.W.  about 

Bellairo,  H.  W.  about 

Bellaire,  about  IL  W.  1852,  by  report  of  C.  &  P.  R  R  . . 

BcUnirc,  about  H.  W.  1852 

(This  result  is  about  what  it  should  bo,  for  it  is  not 
probable  that  the  fall  hero  is  one  foot  per  mile.  If 
the  B.  &  O.  R.  R  result  was  true,  it  would  give  the 
river  a  fall  of  42  feet  in  23  miles.  I  therefore  con- 
sider it  most  probable  that  Wheeling  H.  W.  1852  is 
about  G63  feet,  and  the  B.  &  O.  R  R  report  of  637 
for  H.  W.  1832  is  some  thirty  feet  too  low.) 

Parkersburgh,  by  several  reports  of  B.  &  O.  R  R. , 
point  not  given. 

By  the  report  of  the  engineers  running  the  line  from 
ParkersDurgh  to  CincinnaM,  the  B.  &  O.  Parkers- 
burgh L.  W. 

(I  accept  the  latter,  because  it  accords  best  with  the 
next  check  at  Point  Pleasant,  about  seventy  miles 
down  thb  river.) 

Parkersburgh,  L.  W.  inOhio 

Point  Pleasant,  very  L.  W.  at  mouth  of  Great  Ka- 
nawha. 

By  two  lines  of  levols  agreeing  within  a  foot 

Portsmouth.  Ohio,  L.  W.  in  Ohio  River,  by  C.  &  X. 
R  R.  rejwrt. 

Portsmouth,  L.  W 

Cincinnati,  L.  W.  city  base 

Indiauapnlis,  union  depot  track 

Greeucastlo junction,  by  T.  H.  &  L  R.  R 


New  Albany,  passenger  depot. 


46.80 


14.74 


68.43 


103.55 
'  96.55 


84.55 


60.3 
65.1 
84.55 


523.7 
5TJ.00 


522.00 


94.00 


721.  75 
56.00 

326.00 


Below  Union  depot  track  . 


Below  Pittsburgh  depot. 


Below  L.  W.  in  Ohio  at 
Pittsburgh. 


Above  Cleveland  directrix 
Above  Cleveland  directrix 


Above  Cleveland  directrix 


Above  sea 

do 

Above  Cleveland  directrix 


Above  M.  T.,  Baltimore 
do 


Above  M.T.,  Richmond,  Va. 


Below  L.  Erie. 


Above  M.T 

Above  Union  depot,  Indi- 
anapolis. 
Below  GreencasUo 


746.00 

699.20 
729.88 
732.95 


731.26 

630.77 


679. 23 
672.23 


660.00 
[637.00 
588.00 


660.00 


573.00 
523.00 


479.00 
439.74 
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Now  Albany,  L.  W.  in  Ohio  River,  by  L.  N.  A.  &  C. 

K.R. 

Kew  Albany,  pasnenger  depot 

N«w  Albany.  L  W.  of  1857  in  Ohio  River 

(This  waa  not  one  of  the  ycMirs  of  lowest  water,  but 

it  waa  probably  about  four  feet  above  it.) 

Loaiaville,  L.  W 

LonisvllI^  L.  W.1857 

Evansville,  L.  W 

EvauBville  raU,  by  E.  &  C.  V.  R.  R 

Vincennea 

Ev»nBvine,L.  W.  Ohio  River 

Evansville,  depot  rail 

Evansville,  H.W.  1847 

Byaurveyfor  E.  &  I.  R.  R.,  H.  W.  1847 

Evansville  Railroad  track,  by  St.  L.  d:  S.  E.  R  R 

Evansville  R^road  track 

Evansville,  L.  W 


Feet 


398.00 


94.00 


81.00 

36.00 

434.39 


334.54 
"35.2* 


Varioas  datom-planes. 


Below  Greencaatle. 


Above  New  Albany,  L.  "W. 


Below  Yincennea 

do 

Above  M.T 


Below  Union  depot  track 


a  o 

JS  oott 
I 


Below  Sniut  Looia  directrix 


H 


smis 


403.15 


34a  OB 


ELEVATION  OF  CAIRO. 


Firtt  determination. 

Cairo,  L  C.  R.  R  track  on  levee,  by  C.  &  V.  R.  R 
Do 

Cairo,  H.  W.  Ohio  River,  by  C.  &  V.  R.  R 

Do 

Cniro  city-bosc,  by  en^ueer  in  charge  of  levees 

Cairo  city-base,  ordinary  L.  W 


Second  determination. 

Cairo,  H.  W.  Ohio  River,  by  moan  of  four  roatea, 
(see  diaouBMion  of  change  in  Saint  Louis  directrix, 

p.-) 

Cairo,  H.W.Ohio  River 

Cairo  city-base 

Do 


Third  Determination. 


Cairo,  H.  W.  1858  in  Ohio  River 
Cairo  citj'-bftso 


Fourth  determination. 


Cairo,  H.  W.  Ohio  River. 

Do 

Cairo,  city-base 


Final  resuUi, 

Cairo  city  base : 

First  determination 

Second  determination 

Third  dotemiination 

Fourth  determination 

Mean , 

Adopted  result 

<By  report  of  engineer  in  chiu>ge  of  levee  construction,) 

Cairo,  extreme  L.  \V.  October  15, 1871 

Cairo,  ordinary  L.  W 

Cairo,  n.W.  ikw 

Cairo,  H.W.  186-2 

Cairo,  n.W.  1867 

Cairo,  Illinois  Central  track  on  levee 

Cairo  Hotel,  northeast  comer 

Cairo,  Mississippi  levee 


96.5 
'97.06 
'43.66 


96.05 


41.00 


358.50 


S294.89 
291.24 
291.13 
287.65 
291.23 


11.91 
0.00 
40.  .38 
41,69 
41.81 
43  to  4a  5 
43.26 
44.00 


Below  Vinoeones 
Below  Yincennea 


Bolowlllinois Central  track 


Below  Saint  Louis  directrix 


Bclowmean  of  higheetfloods 


Above  M.  T.  New  Orle<uiB . 


Below  Chicago  directrix 


By  Cincinnati... 
By  Saint  Louis.. 
By  New  Orleans 
By  Chicago 


Below  city.base 


Above  city-base. 

do 

do 

do 

do 

do 


337.  n 


338.91 
89Lm 


331.51 
891.13 


32& 
287. 


S91.83 
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ElevatumB  of  points  determined  in  this  investigation, 
XoTE.— The  cviiU'uco  upon  which  each  rests  may  be  seen  by  reference  to  the  map  and  foregoing  text. 


Xaniea  of  determined  points. 


Albany,  mean  tide  in  Undson  River 

Alt/>ODa,  track  I*.  K.  It  station 

Alliance,  track  P.  F.  W.  &  C.  R  R  station 

Atchison,  IL  W.  MiHRouri  Kiver,  (sappoeed  to  be  1844) 

Atchison.  L.  W.  MmHouri  Kiver. ■ 

Athens,  railroad-Htation '. < 

Belmont,  track  of  St.L.dcLM.RR 

BqATsIo,  bottom  of  Eric  Canal ■ 

Boffalo,  theoretical  Hurfuce  of  Erin  Canal 

Buffalo  mean  surface  of  Lake  Erio ■ 

Bnrlington,  H.  W.  IMl  in  Mississippi  River 

Bnrlm^tun,  L.  W.  Mississippi  River 

Barhu^^n.  Main  street  depot 

Carmi,  junction  of  C.  &  V.  and  St  L.  &  S.  W.R  R 

Cambridg*-.  W.  W.  Val.RRdopot 

Cairo,  city-base  =  ordinary  L.  W.  Ohio  River 

Cairo,  extreme  L.  W.October  18, 1071, Ohio  River 

Cairo,  H.  W.  le.'iH.OIjio  River 

Cairo,  II.  W.  lwl*i,  Ohio  River 

Cairo,  LC.  RK.  track  on  levee 

Canton  depot    

Cedar  Rupids.  C.  &,  N.  W  depot 

Cedar  Rapids,  city -datum.  L.  W.  foot  of  Iowa  avenue 

Cheyenne,  track  at  V.  P.  R  R  passenger-depot 

Chicago,  city  directrix 

Chicago,  mean  surface  of  Lake  Michigan  for  the  past  fM>  years. 

Cincinnati,  citv  directrix  -^  L.  W.  in  Ohio  River 

Cincinnati,  H.'W.IKW,  Ohio  River 

Clevelaud,  city  directrix 

Cleveland,  moan  mirfacc  of  Lake  Erie 

Clintou,  bridge  owt  Mississippi  River 

Clinton,  H.  W.  li-<»4,  Mississipni  River 

Columbuifi.  depot  track  of  P.  C.  &.  Si,  L.  and  C.  C.  C.  &  I 

Colaml)u».  H.  W,  V^ii*,  Mississippi  River 

Colorado  Spriu;;s,  doiiot  track  13.  &  R.  G.  R.  R 

Colorado  S|>i-in}:s.  (?oioi-a4lo  Springs  Uotel  floor,  (see  Maniton) 

<^?onncil  Blutis,  nnion  depot  track 

Crestline.  P.  F.  W.  iSi  C.  depot  track 

Davenport,  ol<l  dejMit  track,  corner  Fifth  and  Perry  streets 

Davenport,  railroad  level  datum  of  C.  R  L  4:  P 

Davenpi>rt,  top  of  west  abutment  of  railroad-bridge 

Davenport.  IL  \V.  Mississijipi  River 

DaveniMirt.  L.  W.  Minsisaippi  River 

Davenjwrt,  citv-basu  of  levels 

Decatur,  LC.  R  R,  d^iKit 

Denver,  K.  P.  &  DP.  R.  R  depot  track 

Denver,  I).  &  R  O.  R  R  depot  track 

Detroit,  menu  surfac*^  of  river ... 

Dubbque,  L.  W.  Minsisftippi  River,  I.  C.  R  R  datum 

Eflinghani.  I.  C.  R.  R  deiwt  track  and  St  L.  V.  &  T.  H.  R  R  depot 

Erie,  L.  S.  <k  M  S.  R.  R  depot  track 

Evansville,  depot  track , 

Evansviilc,  L.  W.  in  Ohio  River 

Evansville,  H.  W.  1847,  Ohio  River 

Fairi>lay .  d<K>r-»ill  of  Sent  inel  office  before  fire  of  1873 

Frenu)ut,  V.  P.  R  R.  depot  track 

Fulton.  11.  \V.  1H()4.  Missis-sippi  lUver 

Glouct'ster  Point,  (K'nuanent  United  States  Coast  Survey  bench  on  gran- 
ite bloirk 

GloucesitT.  me:ui  tide  in  Delaware  River 

Golden,  city  and  railroad  directrix 

Grand  I luvVn,  mean  surface  of  Lake  Michigan 

Grenada  <leiM»t 

Greencastle,  Jtinction  d«'pot 

Hannibal.  11.  W.  1S">1.  MiMsissippI  River , 

Harrisburjib.  I*a.  It.  R  de|>ot  track 

Hickman,  H.  W.  IJ!".'.?*.  Mif.sissippi  River 

IndianaiK>li.s,  I •  uiou  depot  tr.tCK 

Indiana]N)lKH,  eity  base  L.  W.  in  White  River , 

Kansas  City,  U.  W.  1«44  of  Missouri  River,  as  marke<l  on  abutment  of 
R.R  liridge 

Kansas  City,  trackof  K  P.R  W.at  State  line 

Kearn«;y  junction  deiKit , 

Keokuk,  C.  B.  &Q.  RRde|K)t I  Iowa 

Keokuk,  city  base ^....!....do 

42  G  S 


State. 


New  York 

Pennsylvania . 

Ohio 

Kansas 

...do 

Ohio 

Mif^stmri , 

New  York 

...do 


...do 

Iowa 

...do 

..do 

Illinois 

Ohio 

Illinois 

...do 

...do 

...do 

..  do 

Mississippi 

Iowa 

..do 

Wyoming.. 

Illinois 

..  do 

Ohio 

..do 

Ohio 

...do 

Iowa 

...do 

Ohio 

Kentucky  . 
Colorado. .. 

...do 

Iowa 

Ohio 

Iowa 

...do 


...do 

...do 

...do 

..do 

Illinois 

Colorado 

...do 

Michigan 

Iowa 

Illinois 

Pennsylvania 

Indiana 

...do 

...do 

Colorado 

Nebraska 

Illinois 


New  Jersey... 

.  ..do 

Colorado 

Michigan 

MiHsis.Hippi  ... 

Indiana 

Missimri 

Per  nsylvania. 

Iventucky 

Indiana 

...do 


Missouri., 

...do 

Nebraska 


w    ^^    _ 


6, 


5. 
0, 

1. 


5, 
5, 


9, 
1. 


5, 


4.84 
177.  91 
08iJ.88 
800.88 
784.  88 
647.  01 
3^00 
564.126 
573.26 
STkOe 
529.33 
5n.89 
531.61 
416.09 
947.74 
29L23 
279.33 
331.  Gl 
332.93 
334.48 
240.03 
741.15 
717.  85 
075.28 
5H7. 15 
580.15 
439.74 
502.24 
57,").  68 
573. 08 
GU.  15 
59:1 15 
742.  (» 
320. 01 
985.58 
023.25 
999.70 
152.74 
591.  88 
559.88 
5f«9.06 
569.88 
553.28 
547.88 
675.65 
196.58 
197. 58 
577.05 
599.15 
599.10 
686.  G8 
395.60 
350.60 
384.43 
964.49 
213.90 
593,15 

a  10 
3.35 
788.98 
589.15 
184.00 
777.75 
485.10 
319. 91 
313.01 
721.75 
684  67 

770.77 
763.53 
156.90 
508.33 
487.73 
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Elevations  of  points  dcUrmined  in  (nis  investigation — Contiiinod. 


Numo8  of  dctemiiucd  points. 


K(Hr)kuk,  n.  W.  IHTA,  MihsiMsip^)i  llivcr 

Kcokiik.  L.  W.  (♦*xtri?ni«)  ^^r.<^f«^:*s=^)I^i  River 

Lawnnicj',  K.  P.  XL  \V.  A.  I,.  A-  L.  Inaiuh  junction 

Lawrenc(\  K.  IMt.  W.  <U'i>«kt  tnuk 

Leavenworth,  city-datinn.  rxtniiu'  L.  AV.  Mipsonri  River,  Jan.,  1807 

lioavenwortb,  H.'W.  MiHHouii  Rivi-i-,  (probai>lv  1844) 

Little  Rock.  C.  &  F.  R.  R.  (lojKit T 

Loiiisvillo,  L.  W.iuOhio  Rivor,  alxivo  falls* 

Lako  Chaniplain,  mean  Mirfact-  nt  Wliiteliall 

Lake  Ontario,  mean  Rir.face  at  Os-vejro , 

I^ike  Krii',  moan  Hurface  at  r-ulValo  and  Cleveland  from  1844  to  1857 

Lake  Micliif;au,  mean  siii luce  ^inee  lK'i3  at  Cbicaf;o 

Lake  Huron 

Hanit4)U  Sjirinj^A.  ntck  cT-ountl  t lie  ^(anitou  Spring 

XlcKenzie.iunction  d»'iH»t 

Memphis,  II.  W.  in  MibijiHsipiii  River  previous  to  18^8,  and  is  100  feet 

above  city-datum 

Mcnduta ,  ( f.  R  &  Q,  11.  R.  depot 

IMinsonri  Valley  jnuetiou 

Mount  Lincoln,  extreme  sununit 

Mount  Lincoln,  cistern  of  barometer  in  18TJ 

Montreal,  mimmer  watei  -level  in  river 

Now  Albany.  dcpot<»f  L.  X.  A.  v\  C.  It  R 

New  Albany,  L.  W.  1857.  Ohio  River 

Ogden.  U.P.  &  C.  P.  K  It.  «l<  pot  traek 

Omaha,  bjise  of  levels  of  I'.  1*.  R,  R.,  L.  AV.  in  Missouri  River 

Omaha,  II.  W.in  Missouri  River 

Omaha,  bwl  of  river 

Omaha,  bench  beretolore  calU-d  !MJij  feet  above  the  sea 

Umabn,  track  at  present  iU]»ot  in  main  line  U.  P.  R.  K 

Omaha,  tops  of  east  and  west  abutments  of  railroad-bridge 

Oswego,  mean  Hurfaco  of  Lakr  ( )ntario 

Parkersbur^b,  L.  W.  in  (Uiio  Rivi-r 

Peoria,  city-<Litnni,  L.  W.  in  Illinois  River 

Peoria.  C.  R.  I.  Jt  P.  R.  R.  deiH)t 

Pittsbnrgh,  Union  deiH>t  traek 

Pittsbnrgh,  cit  v-datnin,  L.  W.  in  river 

Pittsburgh,  IL  W.  IS-VJ 

Pittsbnrttb.  IL  AV.  Itt:^ 

Pike's  Peak,  exact  Hiiiuuiit 

Pike's  Pe^ik,  top  of  T.  S.  G.  A:  G.  survey  monument  on  east  side  of  summit 

Philadelphia,  city -datum 

Philadelphia,  Pa!  IL  11.  datura  or  bane  of  levels 

Philadelphia,  mean  tide  in  Drlawure  River 

PhiJadeliihia,  high  li«Je  in  Debnvne  River 

Philafl'ilphia,  low  lid<'  in  Delawam  River 

Point  Pleasant,  very  L.  \V.  in  Ohio  River 

Portsmouth,  L.  AV.  in  <)hit»  River 

Port  Huron,  mean  surfiee  of  i^ake  Huron 

Port  Sarnia,  mean  8urfa«»"  ot  Lake  Huron 

PortSarnia.  G.  W.  R.  AV.tnek  

Prairie  I>u  Chien,  pri»lr:lili'  L.  W.  in  Mississippi  River 


State. 


Iowa 

...do 

KauAOs  . . 

....do 

...  do  

...do 

Arkansas 
Kentucky 


Colorado. . 
Tennessee 


'rairu«  ini  t.nien,  pri»n :iiU'  i^. 
^uincy.  C..  R  &,  Q.  R.  R.  «lejn)t . 


Jnincy,  L.  AV.  1854  Mirisisiii|)]»i  River 

|uincy,  H.  AV.  1B.")1  Mi.shi.ssiyipi  River 

Jueboc.  mean  high  tidt-  in  Saint  Lawrence  River 

wklslami,  C,  R.  I.  A:  P.  depot  traek 

Rock  iHland,  H.  AV.  InVJ  ;Mi.'*f«i.M8ippi  River 

Rock  Inlund,  city-base 

SioQX  Citj-,  R.  it  track  on  lrv«-e 

Sioux  ('ity,  l>ed  of  MiH.sonri  River 

Sioux  City.  L.  \V.  Mis.sv»uri  Ri\er 

Saint  JoHeph.  H.  AV.  Missouri  River 

Saint  I..(miH,  citv  din-(?trix 

Saint  Louis,  H.  W.  1844,  Missi.^sippi  River 

Saint  L<»ui8,  H.  AV.  ].-!.V,  MlHsi^sippi  Riv<!r 

Saint  Louis,  H.  AV.  lo.')I.  ML-wlssipid  River 

Saint  Louis,  L.  AV.  extreme 

Saint  Louis,  ord.  wa.  MiMS!Srtli)pi  River 

Saint  Louis,  center  of  bridue  ou  R.  R.  track 

Saint  Louis,  center  of  bridiii-  on  wagon-road. 


...do 
..  do 
..  do 
...do 
...<lo 
...do 
...do 
Sleubonvillt^,  L.  W.  in  Oliio  River Ohio. 


...do 

Illinois , 

L)wa , 

...do , 

..  do 

('anada 

Indiana 

..do 

Utah 

Nebraska 

....do  

...do 

...do 

do 

...do 

Xr.w  York 

AV'est  Virginia  .. 

Illinois 

...do  

Pennsylvania . . . 

....do: 

...do 

...do 

Colorado 

<to 

Pennsylvania  — 

...do  

...do 

...do 

...do 

AVest  Virginia  . . 

Ohio   

Michigan 

Canada  AVest  — 

...do  

AVi.si'onHin 

Illinois 

...do 

...do 

Canada  

Illinois 

....do 

...do 

Iowa 

....do 

....do , 

MisMmri 

...do 


Terro  Haute,  T.  H.  &.  Ind.  depot 
Terre  Haute,  H.  AA'.  in  \Vabn.sIi  Riv««r 


Imiiaua 
...do... 


509L55 
481.83 
83LS3 
845l.'>3 
763189 
78&89 
300.29 
403.75 
100.84 
850.00 
57X08 
589.15 
589.  IS 
6,29&99 
48&S1 

siaes 

7.'i6.SS 

1,019.70 

14, 29&  66 

14.  Id7. 63 

30.00 

45L  75 

370.75 

4,303.30 

977.90 

996.90 

9ft4. 10 

997.  90 

1.  or>o.  40 

1,049.40 

25().00 

573.00 

4.30.  00 

464.70 

74(1.00 

61»9.aO 

729.88 

7:«.  !»5 

14.146.68 

I4,124.f»4 

a733 

6.913 

3.349 

6.484 

0.214 

522.00 

479.00 

589.15 

589.15 

50ai5 

613.00 

495.23 

472.  39 

493.11 

15.37 

5tiK68 

50aG8 

546.68 

1.  123.:i5 

1, 094.  00 

1, 104. 00 

820.11 

4>a29 

43.5.87 

431.57 

431.  17 

394.48 

408.00 

485.80 

510.  04 

630.77 

504.  75 

485.45 


*IIiis  determination  is  not  checked,  and  sboald  not  be  conBldorcd  of  equal  (jonlity  with  the  others. 
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Eleratioaa  of  points  determined  in  this  investigation — Con  tinned. 


Names  of  determined  points. 


T«rreIIautc.  onl  wa.  Wabn«h  River 

Terro  Haute,  bed  AValwisli  lUver 

Three  llivcTH,  niOiiii  tide 

Vincenm;rt,  Iiid.  &  V.  R.  11.  depot  track , 

ViucenueH,  H.  \V.  iu  Wiib:i8h  Kiver 

Vincennes,  L.  \V.  iu  WabaRh  River 

Vondalia,  junction  of  track  of  St.,  L.  Y.  &  T.  H.  &  HI.C.  R.  R 


Name  of  State. 


Indiana 
...do... 
Canada  . 
Indiana . 
...do... 
...do.., 
IlUnois  . 


467.45 
45J.95 
15.00 
434. 3«J 
4125.  31) 
413.39 
51L89 


TOPOGRAPHICAL  REPORT  OF  MIDDLE  PARK  DIVISION,  1873. 


By  S.  B.  Ladd,  M.  E. 


Introductory  letter  to  Dr.  F,  F.  Hayden, 

Washington,  D.  C. 

SiB:  In  accordance  with  your  instructions,  I  herewith  present  a 
report  on  the  topographical  work  of  the  Middle  Park  division  of  the 
United  States  Geological  and  Geographical  Survey  of  the  Territories 
for  the  year  of  1873. 

As  Mr.  A.  R.  Marvine,  in  his  report  as  a  director  as  well  as  geologist 
of  this  division,  has  necessarily  given  all  the  statistical  facts  and  gen- 
eral description  of  the  surface  of  the  country  which  go  to  make  up  a 
topographical  report,  I  have  thought  best,  rather  than  duplicate  that 
l)ortion  of  it,  to  refer  you  to  the  first  part  of  his  report,  and  to  give  here 
a  general  account  of  the  extent  of  timber,  grazing,  and  agricultural 
lands,  and  the  means  of  travel  and  communication  ;  also,  some  notes  on 
the  rain  and  snow  fall  of  the  country  and  the  present  population,  for 
which  1  am  greatly  indebted  to  Mr.  William  N.  Byers,  of  Denver,  who 
previous  to  the  establishment  of  the  signal-service  station  there  kept  a 
njeteorological  record  for  the  Smithsonian  Institute.  1  would  also  like 
to  express  my  thanks  to  Dr.  G.  0.  Parry  for  information  afforded  me. 
Very  respectfully,  yours, 

S.  B.  LADD. 

F.  y.  Hayden, 

United  States  Geologist  in  Charge. 


REPORT. 

The  territory  surveyed  by  the  Middle  Park  division  during  the  season 
of  1873,  is  embraced  between  the  parallels  of  north  latitude  39^  30'  and 
40^  20',  and  between  longitude  104^  45'  and  the  Park  range,  which 
forms  the  western  boundary  of  the  Middle  Park  ;  this  has  a  northeast 
and  southwest  trend,  and  the  meridian  106^  30'  would  be  an  average 
western  limit. 

The  total  area  covered,  about  5,400  square  miles,  was  not  as  large  as 
was  intended  at  the  outset ;  this  was  due  to  the  nature  of  the  country 
on  the  eastern  slope  of  the  mountains,  which  rendered  a  large  number 
of  stations  necessary,  and  as  it  is  quite  thickly  settled  it  was  thought 
desirable  to  procure  as  much  detail  as  possible. 

The  topographical  features  of  a  country  being  but  the  expression  of 
its  geological  structure,  a  thorough  discussion  of  the  latter  must  neces- 
sarily involve  a  description  of  the  former,  in  order  to  make  the  geologi- 
cal report  intelligible  to  the  reader  who  is  not  familiar  with  the  country. 
Therefore,  rather  than  repeat  a  general  description  of  the  topographical 
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features  of  the  country  surveyed  by  us  this  year,  I  will  refer  you  to  the 
first  i)aji:c»s  of  the  ^eolojj:ical  report  of  'Mi\  A.  K.  Marviue,  where  lie  has 
given  all  that  can  be  said  on  the  subject. 

The  district  surveyed  may  be  divided  into  three  natural  areas,  sepa* 
rated  by  the  line  formed  by  the  eastern  edgeof  the  mountains  where  the 
sedimentary  beds  are  ui»turned  against  the  metamorphic  rocks,  forming 
the  ridges  known  as  the  1  log-backs ;  and  by  the  line  of  the  ninin  water- 
shed of  the  continent.  The  Hog- backs  make  a  sharp  line  of  clcniarka- 
tion  between  the  plains  and  the  mountains;  the  plains  being  esseutially 
destitute  of  timber,  except  a  growth  of  cottonwoods  and  willows  aloug 
the  streams. 

The  central  mountainous  portion,  drained  by  Big  and  Little  Thomp- 
son Creeks,  Saint  Vrain's  Creek,  Bowlder  Creek,  Clear  Creek,  and 
Bear  Creek,  with  their  numerous  branches  and  forks,  all  of  which  are 
tributaries  of  the  South  Platte  Kiver,  contains  Jibout  1,700  scpmre  miles. 

The  ridges  and  mountains  are  well  timbered,  mostly  with  the  yellow 
and  white  pines,  FinitM  ponderoHa  and  Abien  Engelmanni^  and  the  parks 
and  valleys  bear  a  fine  growth  of  scattered  timber. 

In  the  vicinity'  of  the  mining  towns  a  great  deal  of  the  timl>er  has 
been  cut,  and  in  places  over  large  districts  it  ha«been  destroyed  b^-  Are; 
1,200  square  miles  of  this  section  is  timber-bearing,  thenunainder  l)eing 
either  above  timber-line  or  else  taken  up  in  the  open  valleys  and  parks. 

The  western  division,  including  the  Middle  Park,  contains  about  2,025 
scpiare  miles,  all  of  which  is  drained  by  the  (irand  Kiver  and  its  tribu- 
taries. This  area  may  be  divided  into  timber,  grazing  and  faruiin*^,  or 
bottom  lands. 

The  spuis  thrown  out  from  the  main  range  which  surrounds  the  park 
on  the  north,  east,  and  south,  ami  the  ridges  and  mountain  masses  form- 
ing  the  divides  of  the  principal  streams,  are  well  timbered,  especially  in 
the  eastern  half  of  this  section. 

The  relation  between  the  geological  formations  and  the  growth  of 
timber  is  very  interesting.  There  is  apparently  a  greater  change  from 
this  cause  than  that  due  to  diii'erence  in  altitude. 

The  hills  formed  by  the  metamorphic  rocks,  wherever  they  occur,  ex- 
cept above  timber-line,  grow  good  timber,  mostly  white  pine,  although 
on  western  sloj)es  it  is  smaller,  and  therefore  of  poorer  (juality  than  ou 
eastern.  The  amount  of  this  granite-timber  area  is  about  075  square 
miles. 

The  lignitic  areas,  which  comprise  a  large  portion  of  the  park,  as  tlie 
Williams  Mountains,  and  the  greater  i)ortion  of  the  country  drained  by 
the  Willow,  Corral,  and  Troublesome  Creeks,  are  essentially  timber-re- 
gions; but  the  (|uality  of  the  timber  is  very  inferior  to  that  growing  oa 
the  metamorphic  rocks,  and  the  southern  slopes  are  generally  bare. 

Over  large  areas  the  timber  has  fallen,  making  it  often  diflicult  to 
travel  away  from  the  trails.  This  class  of  timber-land  might  be  esti- 
mated at  425  square  miles. 

The  regions  covered  by  the  lake-beds  are,  as  a  rule,  totally  destitute 
of  timber. 

The  areas  covered  by  Cretaceous  No.  1  bear  timber,  while  the  remain- 
der of  this  formation,  usually  occupying  the  lower  valleys  and  partially 
covered  by  the  lake-beds,  does  not  represent  a  timber-country.  This  is 
illustrated  in  the  valley  of  the  Blue,  where  the  timber  growth  follows 
the  outcrop  of  Cretaceous  No.  1  across  the  valley.  This  class  covers 
about  150  square  nules  of  country. 

The  hills  capped  with  lava  grow  timber.  All  told  there  are  about  1 ,250 
square  miles  of  timber-laud  in  this  western  subdivision. 
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Along  the  valleys  of  tLe  Williams,  Blue,  and  Muddy  Rivers,  and  also 
to  a  smaller  extent  in  the  valley  of  the  Frazier  and  sonie  of  the  smaller 
8trean)s,  there  are  broad  tracts  of  terraced  prairie  country,  400  square 
miles  altogether,  covered  mostly  with  the  lake-beds,  and  growing  short 
bunch  grass  and  often  sage-brush,  available  for  grazing  onl}',  at  least 
for  some  time  to  come. 

The  river-bottoms  of  all  the  streams  furnish  fine  farming-land,  espe- 
cially east  of  the  Hot  Springs,  along  the  Upper  Grand  and  its  branches. 

Below  the  Hot  Springs  the  Grand  Kiver  is  bordered  with  broad  bot- 
tom-lan<ls  along  its  course  to  the  canon  in  the  Park  range.  Large 
tracts  of  hind  could  easily  be  made  cultivatable  by  irrigation. 

The  total  amount  at  present  capable  of  cultivation  I  should  estimate 
at  175  square  miles,  a  liberal  estimate,  ranging  in  elevation  from 
7,183  feet  above  sea-level,  which  is  the  height  of  the  mouth  of  Blue 
liiver,  up  lo  8,463  feet,  the  altitude  of  the  Fr-izier  Valley.  Grain  can 
be  raised  at  an  elevation  of  9,000  feet,  but  above  7,000  feet  or  7.500,  it 
is  liable  to  be  injured  by  frosts.  Potatoes  and  the  common  vegetables 
can  be  cultivated  up  to  9,000  feet  elevation. 

The  eastern  slope  of  the  mountains  and  the  portion  of  the  plains  bor- 
dering the  mountains  are  so  well  settled,  and  the  means  of  comnmnica- 
tion  between  the  many  towns  and  settlements  so  numerous  that  it  would 
not  be  advisable  to  give  a  detailed  description  of  them,  and  I  will  con- 
fine myself  to  the  main  lines  of  travel  and  the  ways  of  communication 
open  into  the  Middle  Park. 

Denver  now  has  railroad  communication  with  all  the  large  towns 
scattered  along  the  base  of  the  mountains.  The  Denver  Pacific,  run- 
ning north,  connecting  with  the  Union  Pacific  Kailroad  at  Cheyenne; 
the  Kansas  Pacific,  running  east  to  Kansas  City,  and  the  Denver  and 
Kio  Grande  Railroad  south  to  Pueblo,  and  eventually,  when  completed, 
to  Santa  Fe,  N.  M.  The  Colorado  Central  Kailroad  connects  Denver 
with  G  Iden  City,  Boulder  City,  Valmont,  and  Longmont.  A  narro^r- 
gauge  branch  of  the  Colorado  Central  Kailroad  passes  up  the  famous 
Clear  Creek  canon,  follows  the  windings  of  the  stream,  branching  at  the 
junction  of  North  Clear  Creek,  one  branch  following  up  that  fork  to 
Black  Hawk  and  Central  City,  and  the  other  up  the  main  stream  to 
Floyd  Kill,  five  miles  below  Idaho. 

JViost  ijf  the  main  streams  draining  the  eastern  slope  have  roads  follow- 
ing up  their  valleys  whenever  it  is  practicable,  and  winding  along  the 
ridges  when  the  canons  become  impassable. 

Estes  Park,  near  Long's  Peak,  is  accessible  by  means  of  a  road  from 
Longmont.  Jamestown  and  Gold  Hill  are  connected  with  the  plains  by 
roads  iq)  Jim  Creek,  Left-Handand  Four-Mile  Creeks. 

Caribou  has  atri-weekly  stage  to  Black  Hawk  and  Central  City,  pass- 
ing through  Middle  Boulder  and  Kollinsville.  All  the  towns  are  con- 
nected with  each  other  b^'  good  roads. 

Georgetown,  Idaho,  and  the  settlements  on  Clear  Creek,  have  daily 
connection  wit!i  Floyd  Hill,  the  present  terminus  of  the  railroad,  thereby 
giving  daily  connection  with  Deaver. 

The  Denver  and  South  Park  road  enters  the  mountains  at  Turkey 
Creek  canon  and  follows  the  general  course  of  that  stream  to  its  source, 
then  across  to  the  North  Fork  of  the  South  Platte,  then  across  the 
divide  into  South  Park,  through  Hamilton  to  Fair  Play. 

At  Hamilton,  a  road  connects  with  Breckinridge,  from  which  town 
there  is  a  triweekly  stage  connecting  at  Hamilton  with  the  daily  stage 
from  Fair  Play  to  Denver, 

From  Georg(»to\^n  a  road  crosses  the  divide  at  the  Argentine  Pass, 
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'soutlioast  of  Gray's  Peak,  at  an  elevation  of  abont  13,100  feet,  passes 
down  the  Snake  IJiver,  two  miles  below  Montezuma,  with  w  hicb  thei"e  is 
a  connecting  road,  and  joins  the  road  down  tbe  Blue  Kiver  at  the  junc- 
tion of  tbe  streams. 

A  trail  connects  (Jeor^etown  witb  the  Denver  and  South  Park  I^oad, 
joining  the  latter  at  tbe  moutb  of  the  North  Branch  of  the  N'ortb  Fork  of 
the  South  Phittt^ 

Four  miles  above  Grant  post-oftice  on  tbe  Soutb  Park  lload  a  trail 
turns  otf  to  ^Montezuma. 

At  Jefferson,  on  tlje  Soutb  Park  Road,  a  road,  formerly  tbe  sta^e-road, 
branches  off,  crosses  over  Jefferson  l*as8  to  Georj»:ia  Gulch,  and  joins 
tbe  road  down  Snake  River. 

A  trail  not  oft(Mi  used  except  for  tbe  ascent  of  Gray's  P(\ik,  crosses 
between  (hay's  and  Torrey's  Peaks  connecting  Montezuma  with  George- 
town. 

At  pres(»nt  tb(^re  are  a  number  of  trails  crossing  the  main  crest,  and 
this  season  a  good  wagon-road  has  be<»n  built. 

Couimencing  at  tbe  north,  there  is  no  way  known  of  crossing  tbe  sum- 
mit ri<l;:e  until  we  go  as  far  south  as  Arapahoe  Peak.  Up  to  this  point 
tbe  mountains  are  very  rough,  averaging  13,000  feet  in  height,  Long's 
IVak  rising  to  14,li71  feet,  with  no  passes  between  tbe  ]M»aks. 

The  (^astern  side  is  bordered  witli  a  line  of  steep  prc»cipi<res  and  am- 
])bitheaters,  filled  with  immense  snow-fields  and  inclosing  countless  lakes. 
The  ])icciMi(!(M)n  tbe  eastern  face  of  Long's  Peak,  a  sheer  wall  extending 
from  the  summit  to  timber-line,  is  over  3,000  feet  in  height  by  bai-o- 
metric  m<»asun»ment. 

South  of  ArajKihoe  Peak  a  trail  crosses  from  Caribou  over  into  tbe 
park,  jjassing  by  the  Fourth  of  July  lode.  It  is  used  only  by  the  miners 
of  til  at  <listri<-t,  and  is  not  an  easy  way  of  reaching  the  park. 

Next  in  order,  going  south,  is  tln^  new  road,  passing  up  Soutb  Ponlder 
Cre<»k  from  Kollinsville  and  crossing  tbe  summit-ri<lge  where  tbe  Ute 
trail  crosses  near  the  cent<T  of  the  low  portion  of  the  range  between 
Arapahoe  and  James  Peaks  at  an  elevation  of  11,613  feet.  It  tben  winds 
down  the  western  sloi>e  into  the  valley  of  the  Frazier,  which  it  follows 
nearly  to  the  canon,  when  it  swings  to  tbe  west  to  tbe  Hot  Springs. 

A  road  was  started  from  Central  City  witb  the  intention  of  con- 
tinuing it  over  into  the  i>ark  ;  it  is  now  built  as  far  as  »Ianies  Peak  and 
makes  the  ascent  of  that  peak  very  easy,  as  it  extends  nearly  to  tbe 
summit.  An  excellent  trail  leaves  this  road  near  its  terminus  and 
ci^osses  the  range  to  the  north  of  James  Peak,  joining  the  Doubler  road 
down  in  tlu»  valley  of  tbe  Frazier. 

IJertbomrs  trail,  starting  from  Kmi)ire  City,  follows  up  the  Nortb 
Fork  of  S(mtb  Clear  Creek,  crosses  the  divide  below  timber-line  througb 
]>erthoud's  pass  at  an  elevation  of  11,310  feet,  and  passes  <lown  Moses 
Creek. 

Vasquez's  trail  is  the  continuation  of  Bertboud's  on  the  eastern  side 
and  crosses  througb  Vasquez's  Pass,  tbe  next  in  order  southwest  of 
lierthoucrs,  at  an  elevation  of  about  ll,oOO  feet. 

Vasquez's,  IJertboud's,  an<l  the  James- Peak  trails  join  on  the  western 
side,  and  farther  down  in  the  park  the  combined  trail  joins  the  w  jigon- 
road  to  tbe  Hot  Springs. 

Jones's  trail  foliows  up  tbe  Nortb  Fork  of  Soutb  (^l(»ar  Creek  from 
Empire,  and  crosses  througb  Jones's  Pass  about  five  miles  southwest  of 
Vas(pu*z's  Pass,  at  an  elevation  of  12,513  feet,  (Parry,)  follows  <lown  tbe 
Williams  Piver  to  within  a  few  miles  of  its  junction  with  tbe  Grand, 
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when  it  turns  to  the  west  and  crosses  the  hills  to  Jones's  ranch  on  the 
Grand  near  the  mouth  of  the  Troublesome  River. 

This  covers  all  the  roads  and  trails  now  oi)eu  into  the  park  from  the 
east,  the  only  other  way  of  reaching  it  being  from  Montezuma  or 
Breekenridge  by  means  of  the  valleys  of  the  Snake  and  Blue  Eivers. 

A  good  road  is  built  down  the  valley  of  the  Blue  from  Breckenridge, 
joined  by  the  one  from  Montezuma  down  the  Snake.  It  follows  the 
Blue  to  a  point  about  three  miles  from  its  mouth,  when  it  crosses  the 
hills  forming  the  divide  between  the  Blue  and  Williams  Itivers  to 
Jones's  ranch  on  the  Grand,  and  follows  up  the  north  side  of  the  Grand 
to  the  Hot  Springs.  A  trail  which  joins  this  road  passes  up  Ten-Mile 
Greek  and  crosses  over  to  the  Eagle  River,  west  of  the  Park  range. 
Another  trail  leaves  this  road  on  the  east  and  crosses  through  Ute  Pass 
to  the  north  of  Ute  I^eak,  goes  almost  straight  to  the  Hot  Springs,  con- 
siderably shortening  the  distance.  Within  the  park  communication 
between  the  different  portions  is  easy. 

A  road  passable  for  wagons  leaves  the  Boulder  road  at  a  point 
thirteen  miles  from  the  Hot  Springs,  and  crosses  to  the  Frazier  below 
the  canon,  then  to  the  Grand  and  up  the  Grand  to  Grand  Lake. 

Berthoud's  road  to  the  White  River  agency'  and  Utah  crosses  the 
hills  from  the  Hot  Springs  to  a  ford  on  the  Troublesome,  about  four 
n)iles  from  its  mouth,  then  across  to  the  Muddy  and  through  Gore's 
l)a8s  in  the  Park  range  to  the  headwaters  of  the  Bear  River. 

A  trail  leaves  this  road  and  runs  north  across  the  main  divide  from 
the  headwaters  of  the  Muddy  into  Xorth  Park. 

The  continental  divide  at  this  point  between  the  Middle  and  Xorth 
I*jirks  is  only  a  low  rolling  country,  about  9,400  feet  in  elevation,  and 
easily  crossed  at  any  point. 

A  trail  up  the  Troulilesome  River  crosses  to  the  west  of  Park  View 
Mountain  into  the  North  Park,  and  one  up  W^illow  Greek  crosses  to  the 
east  of  Park  View  at  an  elevation  of  9,683  feet. 

Thie  heavy  falls  of  snow  which  blockade  the  mountain-passes  make 
access  or  egress  to  and  from  the  park  in  winter  very  dillicult,  and 
almost  impossible,  except  by  the  road  up  the  valley  of  the  Blue  to 
Breckenridge,  with  which  communication  is  generally  kept  open  during 
the  whole  year. 

In  Denver  the  average  rain-fall  is  12  inches  per  annum,  and  probably 
in  the  Middle  Park  18  inches.  Along  the  main  crest  of  the  mountains, 
and  for  a  distance  of  live  miles  on  either  side,  the  yearly  rain-fall  will 
probably  reach  25  inches. 

The  time  for  the  first  heavy  fall  of  snow  is  very  variable  and  no  pre- 
cise rule  can  be  given.  Often  a  heavy  fall  of  snow  comes  late  in  Octo- 
ber or  early  in  November,  sufficient  to  close  the  mountain-passes  for  the 
winter;  but  if  there  is  not  a  heavy  snow-storm  then,  there  will  be  none 
until  the  last  of  February  or  early  in  the  spring. 

For  about  one-half  of  the  winters  a  great  deal  of  snow  fiills  between 
the  20th  of  October  and  the  15th  of  November,  and  for  the  remaining 
years  the  greatest  amount  will  fall  between  the  20th  of  February  and 
the  25th  of  March.  One  of  the  severest  storms  known  was  on  the  24th 
of  March,  when  3  feet  of  snow  fell  at  Denver,  and  in  the  mountains  the 
fall  was  5  feet.  The  greatest  depth  of  snow  that  has  fallen  at  one  time 
•Nvas  on  the  22d  of  October,  18GG,  when  the  iall  on  the  Snake  and  Blue 
Rivers  wjis  about  6  feet. 

The  snow  remains  in  the  mountains  until  the  first  or  middle  of  June. 
The  i)asses  are  not  open  generally  until  the  last  of  May,  and  then  they 
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have  to  be  shoveled  out ;  if  left  to  themselves  they  would  not  be  pan- 
abh^  until  the  last  of  June. 

Tlie  winter  of  1872  and  1873  was  quite  mild  and  open,  and  horses 
crossed  the  mountain-passes  as  late  as  the  last  part  of  February,  bat 
the  heavy  spring-snows  blocked  the  trails,  and  in  the  middle  oi*  Jaoe 
there  was  still  5  feet  of  snow  in  the  Berthoud  Pass.  In  18G7  there  waa 
a  large  amount  of  snow  there  as  late  as  the  21)th  of  June. 

The  new  road  from  liollinsville  across  the  main  divide  is  closed  this 
winter  by  the  snow,  and  it  will  be  impossible  to  keep  it  open  during  the 
winter-season,  as  it  crosses  above  timber-line. 

The  most  practicable  route  for  a  road  to  be  ke])t  open  the  whole 
season,  in  case  the  settlements  in  Middle  Park  increase  suiticiently  to 
require  it,  is  through  the  Berthoud  Pass,  where  it  can  cross  below  timber 
line.* 

A  list  of  the  towns,  with  the  date  of  their  settlement,  the  popnlatioD 
as  given  in  the  census-report  of  1870,  together  with  their  present  popa- 
lation,  as  gathered  from  various  sources,  is  appended. 


Year  of 
settlement. 


Population. 


Censua 
li^O. 


Black  Hawk  . 
Boulder  City 
Breckt;nridj;e 

Caribou 

Central  City  . 

Denver 

Empire 

Eric 


Georgetown 

Golden  City 

Gold  Hill 

Idaiio 

JameHtowu 

Louj^mont 

Nederland,  furmerlv  Middle  Boulder. 

Mill  City 

Montezuma 

Mount  Vernon , 

Nevada  City 

IVrn 


Silver  Plume,. 

Valmont 

AVard  District, 


1859 

1,(K>8 
343 

1H70 

t>,  300 
4,759 

1871 

18()l 
ISTiy 

i8r>() 

8(»2 

587 

1859 

1801) 

229 

1871 

1H71 

18t>l 

ld()4 

1859  ! 
1859  ! 
18(>5  1 

31 
973 

1871  1 

18<>1  1 

1802  1 

Estimated. 
1873. 


i,r:oa 

1,500 

250 

400 

3,000 

15,000 

50 

400 

3,5(HI 

2,000 

600 

400 

25 

800 

600 

75 

100 

30 

800 

25 

200 

150 

200 


The  towns  and  mining-camps  on  the  Blue  and  Snake  liivers  are 
almost  deserted  in  the  winter,  with  a  very  variable  population  iu  the 
summer.  Empire,  now  almost  forsaken,  was  once  very  active  and  pros- 
perous. Gohl  Hill  was  of  considerable  importance  when  first  settled, 
and  then  declined  until  it  wa«  nearly  deserted,  but  within  the  last  year 
or  two,  since  the  discovery  of  the  rich  tellurido  ores  at  the  Red  Cloud 
and  Cold  Spring  mines,  it  has  returned  to  its  former  i)rosperity.  A 
number  of  towns  and  mining-camps,  like  Gold  Dirt  and  Bakervilfey  are 
now  entirely  abandoned. 

*  Since  thid  was  written  a  road  has  been  built  over  this  pa»H,  connecting  Empire 
City  directly  with  the  Hot  Springs  in  Middle  Park,  and  a  bridge  across  the  Grand  River 
at  the  Springs  renders  crossing  there  possible  at  ail  seasons  oi'  the  year. 
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The  heigbts  of  tbe  mountains,  &c.,  given  are  mostly  barometric,  a 
few  only  being  determined  trigonometrically  from  adjacent  points,  and 
those  are  marked  with  a  t.  The  heights  of  Gray's  and  Torrey's  Peaks 
are  determined  by  angles  of  elevation  and  depression  from  Mount  Lin- 
coln, fore  and  back  sights  having  been  taken.  The  height  of  Mount 
Lincoln  is  determined  by  means  of  a  line  run  with  spirit-level,  and  one 
of  the  base-barometers  was  stationed  near  its  summit,  so  that  the 
Lincoln  barometer  has  been  used  as  a  base  for  determining  the  beights 
of  peaks  above  timber-line.  But  the  barometer  was  not  located  on 
Lincoln  until  after  Gray,  Torrey,  and  also  Mount  Evans  were  visited, 
so  the  trigonometric  heights  of  these  mountains  are  given  as  being 
nearer  the  true  height  than  a  barometric  determination  referred  to 
Denver  as  a  base,  9,000  feet  below. 

Capt.  E.  L.  Berthoud  calculated  the  height  of  Long's  Peak,  from  a 
base  line,  8,400  feet  in  length,  measured  near  the  Big  Thompson,  as 
13,767,  assuming  the  bench  at  Golden  City  as  6,300 ;  this,  when  reduced 
to  sea-level,  gives  the  height  of  Long's  Peak  as  14,196  feet.  The  height 
calculated  from  our  barometric  observations  is  14,271  feet. 

All  the  heights  depend  upon  the  altitude  of  Denver,  which  has  been 
taken  as  5,196.58  feet  for  the  depot  of  the  Kansas  Pacific  Eaih-oad,  and 
as  5,244.58  feet  for  the  Denver  signal-service  barometer. 

The  heigbts  at  Golden  City  and  along  tbe  line  of  tbe  Colorado  Central 
Eailroad  to  Longmont  are  taken  from  the  levels  of  the  construction-line 
of  that  road.  The  heigbts  on  Clear  Creek  up  to  Black  Hawk  are  also 
from  tbe  Colorado  Central  Railroad  levels. 

The  heights  of  Georgetown,  Downieville,  and  Fall  River  are  deter- 
mined from  the  survey  for  the  Denver,  Georgetown,  and  Utah  Railroad, 
and  are  the  best  results  at  present  obtainable.  The  connection  with 
the  Colorado  Central  Railroad  levels  is  made  at  the  bridge  in  Idaho. 
Capt.  E.  L.  Berthoud's  preliminary  survey  made  in  1866  agrees  very  well 
at  corresponding  points.  His  levels  make  the  height  of  Fall  River  as 
7,719  feet;  Downieville,  8,018  feet;  and  Georgetown,  lower  bridge,  8,514 
feet.  This  survey  was  carried  over  Berthoud's  Pass,  the  summit  being 
11,313  feet. 

MOUNTAINS. 

ElevAtioD. 

Arapahoe,  front  range 13, 5*i0 

Audubon,  front  range (13, 173 

Bald  Mountain,  front  range,  near  Ward  District 11, 493 

Mount  Morrison,  foot-hills 7,903 

Bergen's  Mountain,  overlooking  Bergen's  Park - 9, 773 

Bross,  Middle  Park,  overlooking  the  Hot  Springs 9, 468 

Byers,  Middle  Park,  divide  between  Williams  and  Frazier  Rivers 12, 778 

Chief,  foot-hills ll,p^33 

Coflin  Top,  overlooking  Antelope  Park 8, 003 

Conical  Butte,  Middle  Park,  upper  Valley  of  the  Muddy 9, 848 

Corral  Peak,  at  the  park  head  of  Corral  Creek 11, 3:^^ 

Evans,  front  range ; (14,330 

Gray's  Peak,  front  range f  14, 341 

Griffith  Mountain,  overlooking  Georgetown 11, 273 

High  Point,  front  ran^e,  south  of  the  Boulder  road 11, 9SS 

Hog-Back,  between  Big  and  Little  Thompson  Creeks 7, 923 

James  Peak, front  range ..  ^.. ...  .*. -.  13,2^3 

Lillie's  Mountain,  near  Este-s  Park «> - 11,433 

Long's  Peak,  front  range i -^..  14,271 

McCleUin,  front  range /13,423 

Mount  at  head  of  Turkey  and  Cub  Creeks 10,^23 

Park  View,  between  Middle  and  North  Parks * 12,433 

PoweU,  Park  Ranire 13,398 

Prospect  Hill,  in  Este's  Park 8.893 

Kalston  Butte 10,593 
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EloTatflaiL 

Rosalie,  front  range fl4,240 

Sniith'H  Peak,  front  range n3,093 

South  Boukler  Peak,  foo^hill8 8,533 

Sfiuaw,  f4K)t-bill8 •  11,733 

Station  LX,  south  end  of  the  Medicine  Bow  Range 12,513 

Station  LX VII.  Middle  Park,  Lower  Valley  of  the  Muddy (8, 263 

Sugar-Loaf,  foot-hills 8,933 

Torrev's  Peak,  front  range fl4,336 

IJte  Peak,  Middle  Park ni,9e8 

Williams,  Middle  Park m,4l3 

Whitelace  Mountain,  north  of  the  Hot  Springs til,  493 

PASSES. 

Summit  of  the  Boulder  road 11,613 

Berthoud-8  Pass,  (Parry) 11,463 

BcrthoucVs  Pass,  E.  L.  Berthoud's  preliminary  railrpad  survey  of  1866 11, 316 

Jones's  I»ass,  (Parry) 12,513 

Pass  at  head  of  Willow  Creek  to  North  Park 9,683 

Divide  at  head  of  Muddy  River,  (about) 9,400 

TOWNS  AND  MISCELLANEOUS    HEIGHTS    EAST  OF  THE  MAIN  DIVIDE. 

Denver.  Kansas  Pacific  Railroad  depot 5, 196.58 

Denver,  United  States  signal-service  barometer 5,244.58 

FROM  RAILROAD  SURVEYS. 

Golden  Depot 5,687 

Golden  Jiuiotion 5,615.4 

Ralston  Station 5.606 

Ralston  Creek,  water 5,579 

Church  Station 5,439 

Rock  Creek 5,309 

Coal  Creek 5,:i29 

Coal  Creek  siding 5,349.7 

Davidson 5,409 

Lake  side 5,252 

South  Boulder  Creek 5,236 

North  BoulderCreek 5,234 

CroaMing  of  Boulder  Valley  Railroad,  depot 5,278 

Ni  Wot,  depot 5,118 

Longmout  depot 4,956.5 

Longniont  town 4,976 

Guy  Gulch,  up  Clear  Creek 6,204 

Beaver  Creek,  up  Clear  Creek 6,411 

Fork  of  North  and  South  Clear  Creek 6,893 

Fish  Creek 6,^69 

Black  Hawk 7,975 

Smla  Creek 7,531 

Idaho,  north  end  of  hridge  at  east  end  of  town 7,535 

Fall  River,  water 7,719 

Downieville b,OW 

Georgetown,   Alpine    street,   about  400    feet  east  of  the  north  branch  of 

Clear  Creek 8,530.4 

Foot  of  Berthoud's  Pass,  Berthoud's  preliminary  railroad  line  of  1866 9,615 

BAROMETRIC. 

Terrible  Mine 9,243 

Bakersvillc 9,753 

Kelso  Cabin. 10,893 

Stevens's  Mine,  on  McClellan  Mountain 11,943 

Junction  House,  Denver  and  South  Park  road H,  15,^ 

Bergen's  Park 7,643 

Rollinsville 8,323 

Nederland,  formerly  Middle  Boulder 8, 263 

Caribou,  Planter's  Hotel 9,905 

Gold  Hill 8,463 

Jamestown , 7,123 
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Elorntion. 

Antelope  Park 6,433 

Allen's  Park ^,513 

Esters  Park,  Evans's  ranch 7,  COO 

Little  Thompson  Creek,  inside  the  Hog-Backs. .  5,0*23 

South  S'unt  Train's  Creek,  at  crossing  of  road  from  \Srard  District  to  Allen 

Park 8,0)53 

Middle  Saint  Vrain'sf  at  crossing  of  same 7,703 

Park  on  the  South  Boulder  Creek,  aboye  Eollinsvillo 8,  b*23 

WEST  OP. THE  MAIN  DIVIDE. 

Grand  Lake 8,153 

Jnnction  of  East  Fork  of  Grand  and  Grand  Rivers 6, 12^ 

Mouth  of  Frazier  Cafion 8, 0?^S 

Valley  of  the  Frazier  River,  above  cafion 8,403 

Hot  Springs 7,713 

Junction  of  Blue  and  Grand  Rivers 7,1^3 

Muddy  River,  near  Conical  Butte 7,003 

Blue  River,  opposite  Ute  Peak 8,013 


TIMBER-LINE. 


Mount  Evans .. 

Gray's  Peak 

Mount  Powell.. 
Mount  Byers. .. 
James's  Peak  .. 
Arapahoe  Peak. 
Bald  Mountain. 
Long's  Peak  . . . 
Mount  Lillie  . . 

Station  LX 

Park  View..  .. 


I 


East  ., 
North . 
North 
South  . 
East  .. 
South 
East  . 
East  . 


South 
East  . 


SO 


Deg. 
39 
39 
39 
39 
39 
40 
40 
40 
40 
40 
40 


Min, 
35 

40 
45 
50 
50 
00 
00 
15 
15 
20 
20 


.2 


Fett, 

11,300 

11,10.) 

*ll,ti00 

11.400 

11,100 

11,100 

11, 100 

11,100 

11,100 

*11,000 

*ll,100 


#  -VakK 


Estimated.  ' 


GEOGRAPHICAL  REPORT  OF  HENRY  GANNETT,  M.  E. 


SiK :  I  have  the  honor  to  Rubmit  to  you  herewith  my  geographical 
report  on  the  field-work  of  1873. 

The  party  in  my  charge  was  composed  as  follows:  Dr.  A.  C  Peale, 
geologist;  W.  E.  Taggart,  assistant  geologist;  Henry  W.  Stuckle,  as- 
sistant topographer,  and  J.  H.  Batty,  naturalist,  with  two  packers  and  a 
cook. 

Tbe  party  left  the  depot  camp  near  Denver  on  May  29,  and  spent  the 
following  six  weeks  in  the  country  east  and  north  of  South  Park.  At 
Fairphiy,  in  the  middle  of  July,  we  met  your  party,  and  together  crossed 
the  Arkansas  Valley,  the  Sawatch  Kange,  and  the  Elk  Mountains,  work- 
ing a  belt  of  the  country  through  the  middle  of  the  district  as  fiir 
west  as  the  one  hundred  and  seventh  meridian.  After  separating  ftom 
your  party  on  August  10,  we  finished  the  southern  part  of  the  district, 
then  crossed  the  Elk  Mountain  divide  and  finished  the  northern  part, 
reaching  the  Arkansas  Valley  again  about  the  middle  of  September. 
The  remainder  of  the  season  wa«  used  in  finishing  up  work  which  had 
previously  been  left  partially  done,  in  the  country  south  and  east  of 
South  Park. 

The  plan  of  the  topographical  work  was  as  follows:  It  was  all,  with 
slight  exceptions,  carried  on  from  commanding  points,  usually  the  high- 
est peaks  in  the  neighborhood.  A  connected  system  of  secondary 
triangulation,  within  the  priuuiry  system,  was  carried  on  with  the  grad- 
ienter.  In  this  system  all  three  angles  of  the  triangles  were  observed 
"whenciver  possible.  The  number  of  stations  was  96,  and  the  average 
distance  between  them  was  eight  and  a  half  miles.  At  each  station  a 
drainage  and  a  profile  sketch  were  made  of  the  country  within  the  range 
of  vision,  and  all  prominent  points  were  located.  Elevations  were 
measured  by  barometers  and  dip-angles  with  the  gradienter.  The  more 
im])ortant  streams  were  meandered. 

The  party  reached  Denver  on  October  23,  and  immediately  disbanded. 

The  notes  in  the  accompanying  report  concerning  the  common  mam- 
malia and  birds  of  Colorado  were  furnished  me  by  Mr.  J.  H.  Batty,  nat- 
uralist of  this  division. 

The  botanical  notes,  giving  a  list  of  the  most  valuable  trees  and 
herbs  of  the  Territory,  were  given  me  by  Mr.  J.  M.  Coulter,  botanist 
of  the  survey. 

Very  respectfully,  yours, 

HENEY  GANNETT. 

Dr.  F.  V.  Hayden, 

United  States  Geologist^  in  charge  United  States 

Geological  and  Geographical  Survey  of  the  Territories. 


EEPOET. 


The  district  assigned  to  the  middle  division  is  bounded  in  latitude  by 
the  parallels  of  38^  ^5'  and  39^  30',  and  in  longitude  by  the  eighth  guide- 
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meridian  of  tbo  land-survey  on  the  east,  and  by  tbe  one  bundred  and 
seventb  meridian  on  tbe  west,  Tbe  area  is  about  7,200  sijuare  miles. 
Tbis  district  is  very  much  diversified,  consisting  of  high  plains,  plateaus, 
and  mountain-ranges. 

Tbe  drainage  systems  may  be  classified  as  follows: — 

1st.  Tbat  of  tbe  Soutb  Platte,  wbicb  drains  South  Park  and  most  of  tbe 
country  east  of  it.  Tbe  area  embraced  by  tbis  system  is  3,300  square 
miles,  of  which  1,700  square  miles  are  plain  or  valley  country,  and  the 
remaining  1,000  square  miles  are  mountainous. 

2d.  That  of  tbe  Arkansas  River,  consisting  mainly  of  a  broad,  trough- 
like valley,  lying  between  tbe  South  Park  and  the  main  range  of  the 
liocky  Mountains,  (wbicb  is  there  known  as  tbe  Sawatch  Range,)  and  a 
considerable  portion  of  tbe  plains  east  of  tbe  mountains,  and  the  mount- 
ainous region  about  Pike's  Peak,  wbicb  are  drained  by  a  branch  of  the 
Arkansas,  known  as  tbe  Fontaine  qui  Bouille.  The  area  drained  by 
tbe  Arkansas  system  is  about  1,700  square  miles,  of  which  500  square 
miles  are  plain  and  valley  country  and  1,200  mountainous  country, 

3d.  Tbat  of  the  Gunnison  and  the  Grand  Rivers,  which,  heading  in 
the  western  slopes  of  tbe  great  Sawatch  Range,  flow  in  a  general  westerly 
direction,  draining  all  tbe  country  west  of  the  Sawatch  Range. 

Tbe  divide  between  these  streams  is  a  high  range,  known  as  the  Elk 
Mountains.  Tbe  drainage  area  of  the  former  is  about  700  square  miles, 
of  which  100  square  miles  are  valley  countrj^  and  600  mountainous. 
The  area  drained  by  tbe  latter  is  1,500  square  miles,  200  of  it  being  val- 
ley and  1,300  mountainous. 

Of  the  total  area  of  the  district,  2,500  square  miles,  or  little  more  than 
one-third,  are  plain  and  valley  country,  the  remainder,  4,700  square 
miles,  being  mountainous. 

The  plains  which  form  the  eastern  part  of  the  district  are  drained 
in  part  by  the  South  Platte  and  its  numerous  brantjhes,  and  in  part  by 
the  branches  of  the  Fontaine  qui  Bouille,  the  divide  between  tbe  two 
systems,  consisting  merely  of  a  slight  rise  in  the  level  of  the  plains. 
Tbe  elevation  of  tbe  plains  at  the  north  line  of  the  district  is  about  5,300 
feet,  thence  the  rlope  is  gradual  up  to  tbe  divide,  which  has  an  eleva- 
tion of  about  8,000  feet,  and  thence  tbe  plains  sloi>e  gently  and  regularly 
down  to  the  south  line,  where  the  elevation  is  about  5,600  feet.  Tbe 
valleys  of  tbe  streams  are  very  slight,  and  in  the  dry  season  much  of  the 
water  sinks  in  the  gravelly  soil.  There  is  no  timber,  except  on  tbe  sum- 
mit of  the  divide. 

Tbe  list  of  elevations  along  tbe  Denver  and  Rio  Grande  Railroad, 
which  is  appended,  shows  the  profile  of  the  i>lains  very  well. 

Rising  abruptly  from  the  plains  on  tbe  west  is  a  i)iateau-like  range, 
known  as  the  Colorado  or  Front  Range,  which  increases  gradually  in 
elevation  toward  the  south,  until,  near  the  south  line,  it  culminates  in 
the  group  of  mountains  of  which  Pike's  Peak  is  the  center.  Near  the 
north  line  tbe  South  Platte  cuts  through  this  range,  and  just  north  of 
Pike's  Peak  the  Fontaine  qui  Bouille  heads  in  its  western  part,  and 
cuts  a  caiion  through  nearly  its  whole  width.  Its  elevation  near  tbe 
north  line  is  8,000  feet,  near  tbe  canon  of  the  Fontaine  qui  Bouille  it 
is  about  9,000  feet. 

Tbe  mountains  of  the  Pike's  Peak  group  are  from  10,000  to  14,000  feet 
in  elevation.  The  i)lateau  is  crested  in  many  places  by  ragged  granite 
ridges,  of  wbicb  Platte  Mountain  or  Devil's  Head  is  tbe  highest,  0,203  feet 
above  tbe  sea.  This  range  is  sparsely  timbered  with  pine  and  s|)ruce. 
West  of  tbis  range  the  country  consists  alternately  of  beautiful,  well- 
watered  parks  and  rugged  granite  slopes,  as  far  west  as  tbe  great 
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cnnon  of  the  South  Phitte.  This  canon  is  cut  in  pfnuiite,  bordered  on 
the  east  by  a  granite  ph^toau,  on  the  \v(\st  by  a  hj^h  granite  raiijje,  the 
continuation  of  the  KiMioslia  Uan^e,  wliich  I  call  the  Tarryall  Knnge, 
from  the  lar^e  creek  whicli  tlows  alon^  its  southern  face.  The  cailon  is 
thirty-five  miles  ion*?,  following  the  general  course  of  the  river  ;  the 
dei)th  iliiTers  greatly  in  dilferent  parts,  ranging  from  400  to  1,000  feet. 
It  is  bau'ly  passable  for  pack-animals  at  the  lowest  stage  of  the  water. 

The  Tarryall  liange  lies  between  the  canon  of  the  South  IMatte,  Tar- 
ryall Creek,  and  South  Park.  It  is  more  properly  a  group  of  luouutuios 
than  a  defined  range.  Its  elevatio!i  reaches,  in  a  few  summits,  12,U00 
leet,  with  an  average  elevation  of  11,000  feet. 

Between  Tarryall  Creek  and  the  South  l*latte,  the  country  is  o|»en, 
])arklike,  and  well  \vaten*,d,  as  also  is  most  of  the  country  lying  south 
of  the  South  IMatte.    There  is  plenty  of  the  best  of  tindxr  and  jrrass. 

S(mth  r*ark  is  a  tableland,  very  uniform  in  surface,  w  ith  the  exception 
of  a  few  minor  ridges,  which  traverse  it  in  a  direction  generally  a  little 
east  of  south,  and  in  the  southern  part  numerous  volcanic  buttes.  Ita 
8hai)e  is  nearly  elli{)tlcal,the  longest  axis  having  a  direct  ion  about  north 
and  south,  and  a  length  of  50  miles,  while  its  shorter  axis  is  25  miles 
long.  The  area  is  about  1,000  sqinire  miles.  The  prevailing  slope  is 
from  northwest  to  southeast.  The  elevation  is,  in  the  northern  and 
northwestern  part,  9,5(f0  to  10,000  feet;  in  the  western  and  southwestern 
part,  8.5<M)  to  0,000,  and  in  the  southeastern  part,  8,000  feet.  The  mean 
elevation  is  fully  0,000  feet. 

The  limits  of  the  park  are  shar^dy  defined  by  the  mountains,  wbicli 
rise  on  all  sides  abniptly  from  the  plains  to  the  highest  summits.  The 
TarryidI  IJange  bounds  it  on  the  east  as  far  as  Tarryall  ( -reek  ;  theuee 
to  the  south  end,  around  the  south  end,  and  up  the  w(?stside  as  far  north 
as  Ibillalo  Peaks,  the  boundary  consists  of  wooded  hills,  having  eleva- 
tions of  10,000  to  11,000  leet,  and  rising  about  2,000  feet  alM>ve  the 
plain.  At  Ibillalo  Peaks  the  range  rises  abruptly  to  mountains  fi*om 
13,000  to  14,000  feet  high,  called  the  Park  Range,  which  joins  the  main 
range  at  JMount  Lincoln,  at  the  northwest  corner  of  the  park.  The 
north  end  of  the  i>ark  is  bounded  by  the  main  range,  which  has  there 
an  elevation  of  12,(M)0  to  14,000  feet. 

In  g(»neral  the  park  is  not  well  watered.  Near  its  bonlers,  especially 
its  northern  and  western  sides,  there  is  at  all  seasons  an  abundance  of 
good  water,  but  throughout  the  whole  interior  part  of  the  i)ark  water 
is  s(!arc(^  The  large  streams  water  but  a  very  narrow  belt  in  their  im- 
mediate neighborhoods,  and  the  smaller  streams  sink  in  the  gravelly 
soil. 

The  surfa(^e  of  the  ]>ark  is  covered  with  bunch-grass  of  an  excellent 
quality,  making  it  an  excellent  range  for  cattle  and  sheep  in  summer, 
but  the  great  elevation  makes  it  extremely  hazardous  to  winter  stock 
out  of  doors. 

There  is  no  timber  exc<»pt  on  the  sides,  but  in  the  mountains  there  is 
an  abundance  of  the  best  timber. 

West  of  the  l^nk  liange  is  the  valley  of  the  headwaters  of  the 
Arkansas  Piver.  This  is  five  to  ten  miles  l)road,  well  watered,  sparsely 
timbered,  and  covered  with  bunch-grass  and  sage.  Prom  the  extremu 
head  of  the  river  in  Tennessee  Pass  to  Lake  Creek  the  valley  is  very 
broad,  open,  and  fertile.  Prom  Lake  ('reek  south  about  fifteen  miles 
the  river  is  in  canon.  Pelow  this  is  again  a  broad  valley  without 
tuiilK  r,  and  toleiahly  good  for  grazing  purposes.  The  whole  valley 
>s  nmcli  more  sheltered  than  South  Park,  and  on  that  account  is  umch 
belter  for  wintering  stock. 
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Eagle  River  beads  opposite  the  be^d  of  the  Arkansas,  in  Tennessee 
Pass,  and  flows  nearly  northwest  to  the  Grand  liiver.  Its  valley  con- 
sists in  the  upper  portion  of  broad,  fertile  meadows,  with  good  gra^s, 
and  abundance  of  timber  in  che  hills. 

West  of  the  Arkansas  and  Eagle  liivers  is  the  great  Sawatch  Range, 
which  terminates  on  the  north  in  the  Mountain  of  the  Holy  Cross. 
The  main  divide  joins  it  at  Tennessee  Pass,  and  thence  south  follows  its 
crest.  The  peaks  of  this  range  are  between  14,000  and  14,500  feet  in 
height.  Few  points  in  the  range  are  below  13,000  feet  high,  and  the 
average  elevation  of  the  range  is  fully  13,500.  The  orographical  charac- 
ter of  these  mountains,  as  well  as  those  of  the  Park  Range  and  of  the 
main  divide  on  the  north  end  of  Soutb  Park,  is  broad  and  massive. 
Heavy,  bulky  mountain-forms  abound,  while  sharp  pinnacles  an<l  ser- 
rated ridges  are  entirely  wanting.  This  range  has  an  average  width  of 
fifteen  to  twenty  miles. 

The  country  west  of  the  Sawatch  Range  is  drained  by  the  Gunnison 
River  and  Roaring  Fork,  a  branch  of  the  Grand  River.  Their  valleys 
are  separated  by  a  heavy  range,  the  Elk  Mountains,  second  only  to 
the  Sawatch  in  magnitude  and  elevation.  The  direction  of  the  divide 
between  the  two  drainage-systems  is  generally  east  and  west,  but  the 
range  is,  in  reality,  made  up  of  a  series  of  ranges  parallel  to  the 
Sawatch ;  i.  e.,  having  a  direction  about  south  30°  east,  and  north  30^ 
west,  joined  together  by  saddle-like  ridges,  this  formation  giving  rise 
to  a  number  of  large  branches  of  each  river,  all  parallel,  approximately, 
to  one  another.  This  range  is  comi)osed  in  great  part  of  stratified 
rocks,  principally  sandstones,  disturbed  in  several  places  by  upheavals 
of  granite.  These  mountains  present  aspects  entirely  different  from 
those  of  the  Sawatch  Range,  both  in  color,  which  ranges  from  a  dull  red 
to  a  dark  brown,  and  in  form,  which,  instead  of  the  heavy,  massive, 
dome-like  structure  of  the  Sawatch  Range,  i)resents  us  here  with  sharp 
pinnacles,  spires,  jagged  ridges,  «&c. 

The  valleys  of  most  of  the  branches  of  the  Gunnison  are  narrow, 
though  in  some  places,  as  on  the  main  Gunnison  and  on  East  River, 
they  expand  to  broad  bottoms  several  miles  in  width  covered  with  sage 
and  bunch-grass. 

The  vegetation  in  the  mountain  valleys  is  of  almost  tropical  luxuri- 
ance, the  sandstone  and  limestone  making  a  deep,  rich  soil.  Pine  and 
spruce  trees  cover  the  ridges  heavily,  while  the  bottoms  are  choked  by 
quaking-aspen  trees. 

On  the  north  side  of  the  divide  the  character  of  the  country  is  very 
similar  to  that  on  the  south  side;  L  c,  a  system  of  parallel  ridges,  par- 
allel to  the  Sawatch  Range.  This  direction  of  the  ridges  is,  however, 
changed  as  we  go  farther  north  to  a  nearly  east  and  west  direction  in 
the  latitude  39^  15',  by  the  large  branch  of  Roaring  Fork,  known 
as  Frying-Pan  Greek,  which  drains  the  west  face  of  the  northern  half 
of  the  Sawatch  Range.  The  elevation  decreases  rapidly  toward  the 
north,  being  at  the  mouth  of  Frying-Pan  Creek,  in  latitude  30°  15'^ 
only  7,000  feet;  and  with  this  decrease  in  elevation  there  conies  a  great 
change  in  the  character  of  the  vegetation. 

The  range  and  extent  of  agricultural  pursuits  are  determined  in  this 
country  rather  by  the  elevation  than  by  any  other  agency. 

The  following  notes  concerning  the  limits  in  altitude  of  the  growth  of 
different  crops  were  given  me  by  Mr.  W.  N.  Byers,  of  Denver,  from  his 
own  experience  and  observation : 

Wheat,  barley,  oats,  potatoes,  turnips,  peas,  and  the  hardier  garden 
vegetables  are  safe  croi)s  at  any  elevation  under  7,500  feet.     [Potatoes 
43  G  s 
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generally  do  well  as  high  as  9,(W)0  feet,  and  turnips  alwa^'S  up  to  that 
altitude.  Wheat  grows  splendidly  at  as  high  an  elevation  as  9,000  feet^ 
but  above  7,500  feet  it  is  a  hazardous  crop,  liable  to  be  injured  by  early 
autumn  frosts  or  snow.  Oats  grow  splendidly  up  to  9,000  feet,  but  gen- 
erally have  to  be  harvested  green. 

The  list  of  elevations  submitted  at  the  end  of  this  report  will  show  the 
application  of  these  facts  to  the  area  under  consideration. 

Cattle  and  sheep  do  well  as  high  up  as  grass  growth,  but  it  is  not  safe 
to  try  to  winter  them  without  provision  of  hay  above  7,500  or  8,000  feet 
Nearly  every  year  sinc^  the  settlement  of  the  Territory  stock  has  win- 
tered out  of  doors  in  South,  Middle,  and  Estes  Parks,  but  the  lowest 
and  most  sheltered  parts  were  sought  for  this  purpose. 

The  total  i)opulation  I  estimate  at  G,500.  This  is  necessarily  a  rough 
estimate,  as  I  have  no  means  of  learning  the  number  who  are  seattei^ 
about  on  ranches,  &(j.,  away  from  the  settlements. 

The  i)rincipal  settlement's  are  as  follows: 

Colorado  Springs,  on  the  Fontaine  qui  Bouille  and  the  Denver  and 
Kio  Grande  Kailroad.  This  place  is  the  county-seat  of  El  Paso  County. 
It  was  founded,  on  the  colony  system,  in  1871.  Its  present  population 
is  about  2,000,  and  rapidly  incretising. 

Colorado  City,  on  the  Fontaine  qui  Bouille,  two  and  a  half  miles 
above  Colorado  Springs  ;  population,  GOO.  This  ]»lace  was  started  in 
1851),  at  the  time  of  the  first  gold-discoveries  in  South  Park.  It  has 
been  much  larger  than  at  present. 

Manitou,  on  the  Fontaine  qui  Bouille,  about  five  miles  above  Colorado 
Springs,  at  the  mineral  springs,  and  at  the  immediate  foot  of  Pike's 
Peak.  The  town  was  started  in  1872  by  the  Colony  Comi)an3'.  It  has 
a  i)oi)ulation  of  200. 

Fairi)lay,  South  Park,  the  county-seat  of  Park  County.  It  was 
started  during  the  mining  excitement  of  1859-'C0.  It  now  has  a  popu- 
lation of  about  1,000. 

Diulley;  started  in  1872;  population,  ?M. 

Alma;  started  in  1872 ;  population,  500. 

Quartzville;  started  in  1871;  population,  200. 

(The  three  latter  settlements  owe  their  birth  to  the  rich  mineral 
deposits  recently  discovered  on  Mounts  Bross  and  Lincoln.  They, 
as  well  as  Faii7)lay,  are  situated  on  the  South  Platte,  very  near  its 
head,  at  or  near  the  foot  of  Mount  Bross.) 

Montgomery,  at  the  extreme  head  of  the  South  Platte,  which  had, 
ten  years  ago,  a  population  of  2,(KK),  now  consists  of  one  family. 

Ilamiltou  and  Tarryall,  on  Tarryall  Creek,  near  its  head,  have  po])ula- 
tions  resi)ectively  of  100  and  200.  They  were  started  during  the  mining 
excitement  in  18G0,  and  were  at  one  time  large  places,  as  Tarryall  had 
for  several  years  a  poi)ulation  of  2,000  to  3,000. 

Oro  City,  at  the  head  of  California  Gulch,  in  the  Arkansas  Valley, 
was  started  in  18C0.  In  18G1  it  had  a  i)Opulation  of  3,000.  Now  its 
population  is  300. 

Granite,  on  the  Arkansa^s  River,  at  the  mouth  of  Cash  Creek,  waa 
started  in  18G8,  with  a  population  of  1,000,  which  has  now  decreased  to 
100. 

l>ayton,  on  Lake  Creek,  Arkansas  Valley,  in  18G5-'G  had  400  or  500 
inhabitants ;  now  the  population  consists  of  but  one  or  two  families. 

The  only  settlements  in  the  park  or  mountains  are  dependent  on 
mining  for  their  existence. 

West  of  the  Sa watch  Kange  there  are  no  settlements  whatever,  with 
the  exception  of  two  small  mining-camps,  one  in  the  Elk  Mountains,  at 
the  head  of  East  Eiver,  and  one  in  Union  Park,  on  the  Gunnison  Biver. 
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PRINCIPAL  PASSES  IN  THE  HIGH  MOUNTAINS. 

The  following  are  the  practicable  passes  in  the  main  range : 

Georgia  Pass,  at  the  head  of  Michigan  Creek,  north  of  South  Park. 
Its  elevation  is  11,811  feet,  while  the  level  of  South  Park,  in  the  neigh 
borhood,  is  about  10,000  feet.    The  grades  are  easy  on  botli  sides,  and 
a  small  outlay  of  money  would  suffice  to  build  a  good  wagon-road  ovei 
it.     An  indifferent  one  now  exists. 

Tarryall  Pass,  a  few  miles  west  of  the  latter.  Elevation,  approxi 
mately,  12,000  feet.  The  stage-line  from  Breckenridge  to  South  Park 
crosses  this  pass.  The  approaches  are  equally  easy  with  the  latter,  and 
road  well  built. 

Uoosier  Pass,  near  the  head  of  the  South  Platte.  Elevation,  11,540 
feet,  while  Montgomery,  on  the  South  Platte,  just  at  the  foot  of  the 
pass,  has  an  elevation  of  11,540  feet.  The  ascent  on  the  south  side  is 
extremely  steep,  and  the  road  is  obliged  to  wind  a  great  deal  to  over- 
come the  ascent.    On  the  north  side  it  is  not  as  steep. 

Tennessee  Pass,  at  the  heads  of  the  Arkansas  and  Eagle  Rivers. 
Elevation,  10,418  feet.  The  easiest  pass  over  the  main  range  in  the 
Territory,  if  not  in  the  United  States,  with  the  exception  of  lleynolds 
Pass,  Montana. 

Frying- Pan  Pass,  at  the  heads  of  Colorado  Gulch  and  Frying-Pan 
Creek.  Elevation,  12,017  feet.  This  pass  is  very  steep  and  difficult  on 
both  sules,  more  particularly  so  on  the  east  side. 

Lake  Creek  Pass,  at  the  head  of  the  South  Fork  of  Lake  Creek.  Ele- 
vation, 12,329  feet.  This  is  quite  steep  on  both  sides,  but  rather  more  so 
on  the  west.  The  summit  of  the  pass  is  covered  with  shingle,  which 
increases  its  difficulty. 

In  the  Park  Eange  the  most  northerly  pass  is  the  Mosquito  Pass,  at 
the  head  of  Mosquito  Gulch.  Its  elevation  is  13,438.  The  ascent  is 
steep,  and  difficult  for  pack-animals  on  both  sides ;  and  except  in  mid- 
summer, there  is  a  great  deal  of  snow  on  the  trail. 

Weston's  Pass,  Park  Eange,  at  the  head  of  the  Little  Platte.  Eleva- 
tion, 11,676.  A  good  wagon-road  crosses  this  pass.  The  ascent  on  the 
South  Park  side  is  by  easy  grades,  but  on  the  Arkansas  side  it  is  much 
steeper. 

Trout  Creek  Pass,  Park  Range.  Elevation,  9,346  feet.  This  pass  is 
through  the  low  rugged  hills  south  of  Buft'alo  Peaks,  and  near  the  salt- 
works. The  stage-road  to  the  Arkanssis  Valley  crosses  this  pass.  It  is 
an  extremely  easy  one. 

The  Elk  Mountains  can  be  crossed  by  a  pack-train  in  several  places, 
with  more  or  less  difficulty.  Near  the  head  of  the  main  Gunnison  the 
summit  of  the  range  is  broad  and  flat,  and  though  the  ascent  on  each 
side  is  extremely  steep  and  rocky,  still  it  is  practicable.  Elevation, 
11,795  feet. 

At  the  head  of  East  River  there  is  quite  an  ea«y  pass  to  the  head  of 
Rock  Creek.  One  of  the  main  trails  between  the  White  River  and  the 
Los  Pinos  agencies  crosses  the  range  at  this  pass.  The  elevation  is 
about  11,163  feet. 

MEANS  OF  COMMUNICATION. 

The  Denver  and  Rio  Grande  Railroad  (narrow  gauge)  runs  nearly 
north  and  south  from  Denver  to  Pueblo,  on  the  Arkansas  River,  at  the 
east  foot  of  the  Colorado  Range.  This  is  the  only  railroad  at  i)reseut  in 
operation  in  this  district,  but  surveys  for  railroads  have  been  made  from 
Denver  and  Colorado  Springs  to  Fairplay  and  the  Arkansas  Valley. 
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The.  located  line  from  Denver  follows  up  the  Platte  to  the  mouth  of 
tlie  North  Fork  ;  thence  up  the  North  Fork,  crossing  to  South  Park  at 
the  Konosha  Summit;  thence  along  the  northwest  border  of  the  Park 
to  Fairplay.  From  Fairplay  it  passes  down  the  west  border  of  the  Park 
to  Trout  Creek  Pass,  by  which  it  crosses  to  the  Arkansas  Valley.  The 
located  line  from  Colorado  Springs  follows  up  the  caiiou  of  the  Fon- 
taine qui  Bouille,  crosses  the  divide  at  its  head,  passes  over  the  high, 
rolling  country  northwest  of  Pike's  Peak  to  the  Platte,  and  follows  that 
river  up  to  Fairplay. 

A  daily  stage-line  connects  Fairplay  and  the  towns  in  South  Park 
with  Denver.  A  triweekly  stage-line  connects  the  settlements  in  South 
Park  with  Colorado  Springs.  A  bi-weekly  stage-line  connects  the  set- 
tlements on  the  Arkansas  with  Fairplay,  and  a  bi-weekly  stage-line 
connects  Breckenridge  with  Hamilton,  in  South  Park. 

PRINCIPAL  WAGON-ROADS  AND  TRAILS. 

A  road  connects  Denver  with  Colorjulo  Springs  and  all  the  minor 
settlements  on  the  plains.  The  line  of  the  road  is  generally  quite  near 
that  of  the  Denver  and  llio  Grande  Railroad. 

The   stage-roa<l  from  Denver  to  South  P'drk  crosses  the  plains  from 
Denver  to  the  foot  i)f  the  canon  of  Bear  Creek,  crosses  the  divide  to 
Turkey  Creek,  follows  up  Turkey  Creek,  crosses  to  Elk  Creek,  thence 
crosses  the  high  divide  to  the  North  Fork ;  follows  North  Fork  up  nearly 
to  its  head,  and  crosses  into  South  J^ark  at  Kenosha  Summit ;  theueeit 
skirts  the  northwestern  border  of  the  Park  to  Hamilton  and  Fairplay. 
A  brancii  leaves  it  at  Micingan  Creek,  and,  crossing  the  main  range  at 
(ieorgia  Pass,  goes  down    to  Breckenridge.     Another  bi^anch  leaves  it 
at  IJamilton,  and   connects  with  Breckenridge  by  way  of  the  Tarryall 
Pass  and  Swan  Kiver.     From  Fairplay,  a  road  runs  up  the  South  Platte, 
(•onuecting  the  mining  towns  above  Fairjihiy,  crosses  by  Hoosier  Pass, 
and  goes  down  the  Blue  Kiver  to  Breckenridge. 

CoU)ra<lo  Springs  and  the  towns  in  its  neighborhood  are  connected 
with  Fair  Play  by  a  road  which  follows  very  (closely  the  course  of  the 
located  railroad-line  as  far  as  the  cros^ing  of  the  South  Platte.  There 
it  leavers  the  South  Platte,  and  cross(»s  to  South  Park  in  a  direction 
somewhat  north  of  east,  reaching  the  South  Platte  again  in  South  Park, 
an<l  follows  it  up  to  Fairplay.  A  branch  leaves  it  in  the  southern 
'part  of  the  park,  and  runs  to  the  Salt-works  and  the  Arkansas  Valley. 
An«)th(»r  branch  leaves  it  at  the  lirst  crossing  of  the  South  Platte,  ami 
follows  Tarryall  Creek  up  to  Hamilton. 

From  Fairplay  a  road  skirts  the  western  side  of  the  ])ark,  a  branch 
of  ir  crossing  the  Park  liange,  at  Weston's  Pass,  to  the  Arkansas  Valley, 
while  the  main  road  continues  on  down  to  the  Salt-works,  and  thence 
to  the  Arknnsas  Vidley,  by  way  of  Trout  Crec^k  Pass  and  Trout  Creek. 
From  th(*  Salt-works  a  road  runs  to  Caiion  City. 

There?  is  an  excellent  road  throughout  the  whole  length  of  the  Arkan- 
sas Valley.  These  wagon-roads  are  all  excellent,  and  this  in  a  country 
in  many  [>arts  extremely  rough  and  mountainous. 

The  most  direct  route  from  Fairplay  to  the  Arkansas  Valley  is  by  a 
pack  trail  uj)  Moscpiito  Gulch  and  over  Mosquito  Pass. 

At  the  hea<l  of  the  Arkansas  IMver  the  wagon-road  dwindles  to  a 
trail,  which  crosses  the  main  range  at  Tennessee  Pass  and  follows  the 
Eagle  River  down  to  the  crossing  of  the  Grand  River,  and  thence  to 
th(^  White  Itiver  agency. 

From  the  Twin  Lakes,  Arkansas  Valley,  a  heavy  trail  parses  up  Lake 
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Creek  and  its  south  fork,  crosses  the  Sa watch  Bange  at  Lake  Creek 
Pass,  follows  Pass  Creek  down  to  the  Guuiiison,  which  it  crosses  near 
its  head ;  thence  it  follows  up  Spirifer  Creek,  crosses  to  Taylor  Eiver,. 
then  up  Deadman's  Gulch,  crosses  the  divide  to  Ceoient  Creek,  and  fol- 
lows Cement  Creek  down  to  its  mouth.  At  East  River  it  forks,  one 
branch  going  southerly  down  East  River  and  the  Gunnison  to  the  Los 
Pinos  agency ;  the  other  up  East  River  to  its  head,  where  it  crosses  to 
Rock  Creek,  and,  generally  speaking,  it  follows  Rock  Creek  down  to 
the  Grand  River.  This  is  one  of  the  principal  Indian  trails  in  the  Ter- 
ritory. 

BOTANICAL   NOTES. 

Qtiercus  albay  L.,  var.  OunnisonU  Torr.,  scrub-oak. — The  only  oak  in 
Colorado,  and  of  little  value.    Grows  6  to  10  feet  high. 

Fopulus  balsaminiferaj  L.,  var.  Candicans^  Gr.,  cotton  wood. — Occurs  at 
middle  elevation.    Is  the  only  poplar  that  can  be  used  for  timber. 

Pintis  ponderosay  DougL,  yellow  pine. — Grows  70  to  100  feet  high. 
Common  through  all  the  lower  slopes.     Is  a  most  valuable  timber-tree. 

Pinus  flexiliSy  James. — Found  on  the  divide  between  South  Park  and 
the  Arkansas  Valley,  (Park  Range.) 

Pinus  edulisy  Eng.,  pinon  or  native  pine. — Found  near  Colorado  Spriugs 
and  Twin  Lakes. 

Abies  Engelmannij  Parry,  white  pine. — A  magnificent  tree,  growing  60 
to  100  feet  high,  with  a  straight,  even  trunk,  and  of  rapid  growth. 
Wood  is  remarkably  white  and  soft.  This  species  is  closely  allied  to 
the  black  spruce  (Abies  nigra)  of  the  East.  Found  on  the  mountain- 
slopes  of  the  Elk  and  Sawatch  Ranges. 

Buchloe  dactyloidesy  ^ug.,  buffalo-grass. — One  of  the  most  nutritious 
grasses.    Is  the  common  pasturage  on  the  plains  and  in  South  Park. 

Poa  alpina,  L.,  and  PMeum  alpinum^  L. — The  best  of  mountain  grasses, 
growing  far  up  on  the  mountains. 

Triticum  repem^  L.,  blue-joint. — Found  along  the  Platte  and  around 
Weston's  Piss. 

Poa  serotina^  Elroh.,  false  red-top. — A  good  grass.  Found  in  moist 
meadows,  even  nearly  to  the  timber-line. 

Hordeum,  wild  barley. — Found  about  Colorado  Springs  and  in  South 
Park. 

Ulymus,  wild  rye. — Found  around  Colorado  Springs  and  Twin  Lakes. 

Dauthorniaj  wildoat-grass. — Found  at  Ute  Pass  and  along  the  South 
Platte. 

Avenaj  wild-oats. — Found  in  Middle  and  South  Parks. 

Caltha  leptosepalaj  D.  C. — Very  abundant  in  all  sub-alpine  swamps. 

Linum  perennej  L.,  flax. — Abundant  throughout  the  district  at  all 
elevations. 

Trifoliuniy  clover. — Occurs  in  comparative  abundance ;  mainly  at  high 
altitudes. 

Ruhtis  triftorus,  Richards,  raspberry. — Occurs  in  caiions  at  middle 
elevations. 

Ribes  aureum^  Parsh,  currant. — Occurs  in  South  Park. 

Valeriana  edulis,  l^utt. — Abundant  in  Clear  Creek  Caftou  and  about 
Twin  Lakes. 

Eurotia  lanata^  Mog.,  winter-fat,  or  white  sage. — Found  around  Col- 
orado Springs  and  Canon  City. 

Humulus  lupultiSj  L.,  common  hop. — Found  along  the  South  Platte 
and  in  the  canons  about  Snow- Mass  Mountain. 
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HYPSOMETRICAL, 

Tbe  most  important  elevations  in  tbe  following  list*  were  determined 
with  the  mercurial  barometer,  until  August  22,  when  the  hist  barom- 
eter-tube was  broken.  Elevations  ol  minor  importance,  aud,  after 
August  22,  all  elevations,  except  those  measured  tngonometrically,  were 
measured  by  aueroids.  While  there  was  a  cistern  barometer  in  the  party, 
the  aueroids  were  compare<l  daily;  and  after  this  barometer  was  broken, 
corrections  were  obtained  for  the  aneroids  whenever  possible,  and  in 
every  case  these  showed  a  remarkably  good  peiibrmance  ou  the  part  of 
these  instruments. 

A  part  of  the  elevations  submitted  below  were  measured  by  vertical 
angles  taken  with  the  gradienter.  The  vertical  circle  of  this  instrument 
is  four  inches  in  diameter,  and  reads,  by  a  vernier,  to  single  minutes. 
The  correction  for  retraction  was  deternnned  by  a  series  of  fore  aud 
back  sights  between  mountain-peaks  to  be  approximately  one-sixth  of 
the  (curvature,  and  this  correction  has  been  applied  to  obtain  these 
results. 

Barometric  observations  taken  in  Denver  by  theoflfie^rs  of  the  United 
States  Signal-Service  Bureau,  during  the  summer  and  autumu,  were 
placed  at  our  disposal  for  use  as  base  observations.  At  Fairplay,  South 
Park,  elevation  10,048  feet,  barometric  observations  were  taken  for  us 
three  times  a  day  from  July  19  to  October  1,  aud  at  the  Moose  Mine, 
near  the  summit  of  Mount  Lincoln,  elevation  14,188  feet,  observations 
have  been  taken  since  July  20. 

To  the  Denver  observations  as  a  base  have  been  referred  all  work  at 
elevations  below  8,000  feet ;  to  Fairplay,  all  work  between  8,000  feet 
and  the  timber-line,  that  is,  about  11,000  feet ;  aud  to  Mount  Lincoln, 
all  above  the  timber-line. 

In  tlie  following  lists  a  refers  to  an  aneroid  measurement,  t  to  a  trig- 
onometrical determination.  In  other  cases  the  measurement  was  made 
by  a  mercurial  barometer.  The  elevation  of  Denver  above  sea-level  has 
been  assumed  at  5,197,  the  level  of  the  track  of  the  Denver  l^acific  Rail- 
road. This  makes  the  elevation  of  the  barometer  in  the  United  States 
Signal-Service  ollice,  5,245  feet. 

IJST  OF  KLKVATION8 

Along  the  line  of  the  Denver  and  Itio  Grande  Railroad  from  Denver  to  Colorado  Springs 

at  the  ecutt  foot  of  the  maun  tains. 

Miles.    Elevation, 
feet. 

Denver 0  5, 1JI7 

Lit.tletou 10  r>,.^(i2 

Acequia 17  .'>,.'>:{0 

Plum 25  5,^^ 

Citadel 31  0,123 

Doiifjlas 35  6,  ;^25 

Larkspur 43  0,066 

Greeuland 47  (>,  ih» 

Divide 52  7,209 

Heury's 56  6,1)84 

Bersfs 58  6,812 

HuBted , 62  6,  COO 

Moiuiiuent 67  6,  SoR 

Colorado  Spriugs 76  5,9^4 

TOWNS,  ETC. 

Colorado  City 6,049 

Colorado  Springs,  railroad  levels 5, 984 

Manitou a    6,357 
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Elovaiion, 
Feet. 

Fadrplay,  South  Park,  railroad  levels 10,048 

Hamilton,  South  Park 9,743 

Tarryall,  South  Park 10,254 

JeflG^rsoD,  South  Park 9,868 

Dudley,  South  Park a  10,621 

Alma,  SouthPark a  11,044 

Montgomery,  SouthPark a  11,181 

Farnham's  Ranch, South  Park...*. 9,548 

Salt-works,  SouthPark a    8,749 

Oro,  Arkansas  Valley a  10,704 

Old  Oro,  Arkansas  Valley a  10,247 

Dayton,  Arkansas  Valley 9, 441 

Granite,  Arkansas  Valley a    8,883 

Mining  Camp,  in  the  £lk  Mountains 11,404 

MOUNTAIN'-PEAKS. 

Platte  Mountain,  Colorado  Range a    9,203 

Pike's  Peak,  Colorado  Range,  (spirit-level) 14, 147 

Cameron's  Cone,  Colorado  Range t  11, 460 

Cheyenne Monntain,  Colorado  Range i    9,948 

Bergen  Peak,  (at  foot  of  Bergen  Park) a    9,415 

Highest  summit  in  the  Tarryall  Range 12, 327 

Mount  Guyot,  Cross  Range,  between  Middle  and  South  Parks 13.  425 

Mount  Sil verheels,  Cross  Range,  between  Middle  and  South  Parks 13, 767 

Mount  Lincoln,  Cross  Range,  between  Middle  and  South  Parks,  (spirit-level ) .  14, 297 

Buckskin  Mountain,  Cross  Range,  between  Middle  and  South  Parks a  14, 156 

Quandary  Peak,  Park  Range M4,269 

Station  52,  Park  Range 13,928 

Horseshoe  Mountain,  Park  Range 13, 842 

Sheep  Mountain,  Park  Range 13,292 

Buffalo  Peak,  (highest,)  Park  Range 13,541 

Holy  Cross,  SawatchRange t  14,176 

Massive  Mountain, Sawatch  Range t  14,368 

Mount  Elbert,  Sawatch  Range a  14, 326 

La  Plata  Mountain,  Sawatch  Range 14,302 

Mount  Harvard,  Sawatch  Range 14, 384 

Mount  Yale,  Sawatch  Range t  14,151 

Mount  Princeton,  Sawatch  Range 14, 199 

Grizzly  Peak,  Sawatch  Range 13,962 

Station  75,  Sawatch  Range a  13,315 

Park  Cone,  at  head  of  cafion  of  Gunnison  River 12,052 

Station  63,  Elk  Mountains a  12,142 

Italia  Mountain,  Elk  Mountains 13,431 

White  Rock  Mountain,  Elk  Mountains 13,847 

Teocalli  Mountain,  Elk  Mountains <  13,274 

Crested  Butte,  Elk  Mountains 12,014 

Gothic  Mountain,  Elk  Mountains t  12,491 

Snow  Mass,  Elk  Mountains 13,961 

Maroon  Mountain,  Elk  Mountains t  14, 000 

Castle  Peak,  Elk  Mountains 14,106 

Station  E,  Elk  Mountains t  13,842 

Capitol,  Elk  Mountains <  13,992 

Sopris  Peak,  Elk  Mountains f.  12, 972 

• 

PASSES  AND   DIVIDES. 

At  the  head  of  the  Fontaine  qui  Bouille  to  Haydeu  Park a    8, 625 

At  the  head  of  the  Fontaine  qui  Bouille  to  Bergen  Park a    8, 344 

Hayden  Summit,  (Hayden  Park) a    8, 882 

On  the  Colorado  Springs  and  Fairplay  road,  over  the  range  bordering  South 

Park  on  the  east a    9,31,9 

Kenosha  Summit,  on  the  Denver  and  South  Park  stage  road a    9, 937 

Georgia  Pass 11,811 

Tarryall,  or  Breckenridge  Pass,  (approximate) 12, 176 

Hoosier  orUte  Pass a  11,540 

Summit  of  the  Mosquito  trail  over  the  Park  Range t  13,438 

Weston's  Pass,  over  the  Park  Range a  ll,b76 

Trout  Creek  Pass,  over  the  Park  range a    9,346 
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Elevation. 

TiMiii«'88i'o  Pans,  over  main  divido,  at  head  of  tbt?  ArkansoM  River 10,4lc> 

Main  divide,  at  the  head  of  Fryiiivf  Pan  Creek 12,017 

Lakf  (.-ivek  Piu*»,  Suwuteli  Kaii^e 1*2,  ItS 

Puss  at  the  head  of  the  North  Fork  of  Lake  Creek,  Suwateh  Range t  12^A^ 

PaKK  at  the  hea<l  of  C't)ttonwood  Creek a  1*i,  (i^> 

Divide  at  the  heads  of  the  (lunniHon  and  Roarinc  Fork,  VAk  Riuif^e n   1  l,7Hr> 

Divid(»  between  Ta,vh»rH  River  and  Cement  Creek  on  trail  of  the  party a  MAiH 

Dividr.  between  Ta,\lor*M  Rivi-r  and  Cement  Creek  on  Ihc  Indian  trail 10,iT7,') 

PaKs  at  the  heads  of  Kant  River  and  Rock  Creek 11,1^ 

Pass  at  the  heads  of  Rin-k  Creek  and  Slate  River 11,  (579 

KLKVATIOXS  1>X   fiTKE.\MS,   ETC. 

.South  Platte  Rivfr, 

At  Montgomery-,  (head) 1 1 ,  17tJ 

At  Dudley,  month  of  liiiekHkin  Gulch 10,091 

At  Fairpluy 9,97C 

At  mouth  of  Little  PJatt<; e,6fi3 

At  head  of  upper  eafion,  (exit  from  South  Park) 5*,  ld6 

At  foot  of  upper  canon 7^  QQ 

At  month  ot  Tarryall  Creek,  (head  of  lower  cafion) 7,336 

At  mouth  of  Trout  Creek 5,^6 

At  l<M)t  of  lower  camHi r»,  476 

At  Denver 5,176 

Tarryall  Creek, 

At  Hamilton 9,743 

At  exit  from  South  Park s,  754 

At  mouth 7, 3SI6 

Arkannas  River, 

At  head,  in  Tennessee  Pass 10, 176 

At  mouth  of  East  Arkansas 9.827 

At  mouth  of  Colorado  Gulch J»,5«* 

At  mouth  of  Lake  Creek iUVfd 

At  mouth  of  Cash  Crwk i<,t<S3 

At  mouth  of  Pine  CrtHjk ^SW 

At  mouth  of  Cottonwood  Creek H,317 

At  mouth  of  Chalk  Creek - 7,fl77 

Gunnison  River. 

At  head 11,176 

At  mouth  of  Pass  Creek 9,869 

At  head  of  cafion 9,576 

At  month  of  East  River J:?,  176 

Roaring  Fork. 

At  head 11,(»6 

At  mouth  of  Ilnnter's  Creek Id,  326 

At  month  of  Difficult  Cn»ek }^,241 

At  month  of  Ciistle  Cret'k 7,948 

At  mouth  of  Frying  Pan  Creek 0,626 

Frying  Pan  Creek. 

At  head 11,012 

At  foot  of  upper  canon 8,566 

At  month  of  North  Fork 8,176 

At  head  of  box  canon 7. 748 

At  month 6,686 

KLKVATION  OF  THE   TIMBER-LIKE. 

On  Pike's  Peak,  east  face 11,721 

On  Mount  (Juyot,  north  face 11,811 

On  Mount  Silverheels,  northeast  face 11,549 

On  Mount  LiiiO-olUjeast  face 18,061 


GANKBTT.J 


ELEVATIONS.  681 


EluvAtiou, 
Feet. 

At  head  of  Bnckskiu  Galch,  south  face 11, 587 

On  station  52,  Piurk  Range,  oast  face 11, 6G3 

On  station  50,  Park  Range,  east  face 11, 752 

On  Park  Range,  on  Mosquito  trail,  west  face 11,G56 

On  Park  Range,  on  Mosquito  trail,  east  face 11,5;{() 

On  station  40,  near  Mount  Evans,  south  face 11, 559 

On  Buffalo  Peak,  northwest  face 12, 041 

On  Sawatch  Range,  at  head  of  Frying  Pan  Creek,  west  face 11, 583 

On  Massive  Mountain,  north  lace 11,(507 

On  Mount  Elhert,  east  face 11,871 

On  La  Plata,  east  face 12,0«0 

On  Grizzly  Peak,  south  face 11, 758 

On  Mount  Harvanl,  east  face 12, 117 

On  station  89,  near  Mount  Princeton 11,514 

On  station  63,  Elk  Mountains,  east  face 11, 513 

On  White  Rock  Mountain,  south  face 11,919 

On  station  68,  in  Elk  Mount-ains 11,686 

On  station  82,  on  ridge  north  of  Frying  Pan  Creek 11,830 

On  station  75,  near  head  of  Texas  Creek 11,574 

Moan  elevation  of  the  timber-line 11,694 
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GOLD  HILL  MINING-REGION:   ITS  POSITION  AND  GENERAL 

GEOLOGY. 


By  Arch.  R.  Mauvine.* 


The  accompanying  map  has  been  prepared  to  show  the  general  out- 
lines of  the  country  in  the  neighborhood  of  the  Gold  Hill  and  Ward 
mining-districts,  in  the  mountJiins  of  Colorado,  while  the  ibllowing 
remarks  exi)lain  briefly  the  position  of  the  region  in  relation  to  the 
suiTounding  country,  as  well  as  its  general  geology,  as  determined  dur- 
ing the  explorations  of  the  summer  of  1873. 

Nearly  parallel  with,  and  a  few  miles  west  of,  the  western  boixler  of 
the  country  represented  on  the  map,  rises  the  main  continental  "divide" 
in  a  north-and-south  crest,  which  here  reaches  an  altitude  of  nearly 
13,000  feet  above  the  sea-level.  From  the  base  of  the  main  crest,  a  zone 
of  mountainous  country  extends  eastward,  which  is  cut  through  by  tlw^ 
streams  in  a  general  east-and-west  direction. 

The  intervening  ridges  are  not  sharp,  but  of  a  massive  character, 
often  with  undulating  surfaces,  their  higher  points  usually  reaching  in 
general  a  pretty  uniform  level,  the  ruggedness  of  the  country  being 
produced  by  the  deep  canons  of  the  stream.  It  is  a  portion  of  this 
region  that  is  represented  on  the  map. 

At  the  eiist  (near  the  border  of  the  map)  the  region  abruptly  ends 
along  a  nearly  north-and-south  line,  the  massive  spurs  falling  to  the 
zoiH»  of  "hog-backs,^  or  ridges  of  upturned  sedimentary  rocks,  which 
lie  all  along  the  base  of  the  range. 

The  *'red  beds,"  probably  of  Triassic  age,  form  the  innermost  ridge, 
lying  <lirectly  on  the  Archaean  rocks  of  the  mountains.  These,  in  going 
eastward,  are  followed  by  the  upturned  edges  of  Jurassic  shales,  the 
Cretaceous  groups,  and  the  great  Lignitic  formation,  of  as  yet  disputed 
Cretaceous  or  Eocene  age,  which  stretches  eastward,  and  forms  the  beds 
directly  underlying  the  great  plains. 

Boulder  City  is  on  the  border  between  the  mountains  and  plains,  and 
is  reached  by  railroad,  Denver  City  being  but  twenty-live  miles  to  the 
south  and  east.  From  Boulder  City,  wagon-roads  up  the  various  canons 
give  access  to  the  niincs  in  the  mountains.  South  of  the  region  repre- 
sented on  the  map,  from  fifteen  to  twentj'  miles,  is  Clear  Creek,  miich 
like  the  Boulder  in  general  character,  on  the  tributaries  of  which  the 
better  known  mining-regions  of  Georgetown,  Idaho,  Empire,  Black 
Hawk,  and  Central  City  are  situated. 

The  rocks  of  the  mountains,  as  a  whole,  may  be  considered  as  being 
conjposed  of  a  great  series  of  metamorphic  rocks  of  Presilurian  age. 
Quartzites,  silicex)us,  micaceous,  some  hornblendic  and   garnetit'erous 

*The  tblk>\ving  notes  were  originaHy  prepared  tc  acooinpjiny  au  article  of  Prof. 
Heiijamiii  Silliman,  jr.,  iu  tbc  July  unm'ber  of  the  Atuerioaii  Jourual  of  Science,  on  the 
t^'Huride  orcH  of  Colorado. 

Tln;y  sb<»ul<l  liavr  been  printed  with  Mr.  MftTvin»*B  report,  but  wore  acci^untnlly 
omitted :  but  as  they  refer  to  the  area  occupied  by  the  survey,  and  should  form  &  por- 
tion of  the  report  proper,  it  seems  advisable  to  i)riut  them  in  this  connection. 
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ts,  gneisses,  and  granites,  all  occur;  tbe  gneiss,  with  possibly  gran- 
11  the  greater  proportion.     While  large  areas  of  structureless  gran- 
bound,  api)arently  of  so-called  plutonic  or  eruptive  origin,  search 
in  fails  in  tinding  spots  or  areas  more  or  less  large  of  gneissic  or 
distinct  schistose  structure.    The  fact  that  these  usually  merge  im- 
)ptibly  into  the  surrounding  granite,  as  well  as  conform  in  their 
?s  and  dips  to  the  general  system  of  folds,  a«  more  plainly  indicated 
ips  in  adjacent  schistose  regions,  show  that  such  granit<*s  have 
metamophosed  in  dtu,  and  are  indigenous  rocks.    At  the  same 
sharp  lines  of  demarkation,  and  the  occurrence  of  dikes  anxl  allied 
res,  show  that  the  conditions  of  extreme  metamorphism  have  prob- 
been  accompanied  by  a  great  softening  of  the  rock,  allowing  ready 
uular  re- arrangement  into  structureless  forms,  and  producing  plu- 
antl  other  api)earances  indicative  ol'  an  exotic  character, 
e  same  granite  mass,  approached  from  opposite  sides,  might  convey 
ely  different  impressions  as  to  its  origin  ;  a  metamorphic  indigenous 
re  being  indicated  upon  the  one  hand ;  an  eruptive,  exotic  origin 
the  other. 

loubt  if  any  of  the  large  granite  masses  of  the  mountains  are  of  true 
sive  character,  and  even  if  those  smaller  ones  which  are  clearly 
sivci  have  come  from  great  distances  below,  or  are  other  than  of  the 
series  of  rocks  melted  by  the  heat  accompanying  the  metamorphism 
e  mass. 

ong  the  south  side  of  the  map,  and  exposed  by  the  caiion  of  the 
der  Creek,  are  massive  gray  granites,  with  but  few  points  where 
structure  was  observed. 

I  along  this  half  of  the  map,  the  general  strike  is  approximately  east 
vest,  with  a  northern  dip.  This  is  the  case  also  along  its  west  border, 
the  north  and  east  sides,  however,  the  dip  is  south,  indicating  a 
iinal  structure  running  through  the  middle  of  the  eastern  portion  of 
:mp. 

horizon  in  which  a  definite  schistose  structure  tends  to  occur  is  in- 
e<l  by  the  dotted  area  running  through  the  center  of  the  map.  Some 
e  rocks  here  are  distinct  schists,  but  little  changed,  and  include  very 
ular  red  and  black  banded  mica-schists,  garnetiferous,  and  some 
some,  tine,  and  evenly-banded,  gray  gneissic  schists.  In  places, 
/.one  may  be  lost  in  granite,  but  opportunity  did  not  offer  to  care- 
follow  it  throughout. 

)st  of  the  granite  on  the  north  edge  of  the  map  contains  little  if  any 
,  tending  to  a  reddish  granular  aplyte.  The  schist  zone  shows  the 
of  the  formation  very  well,  some  <>f  them  being  very  abrupt,  and 
ns  of  great  contortion.  All  the  observed  strikes  and  dips  are  in- 
ed  on  the  map,  bur  the  general  structure  of  so  small  an  area  cannot 
ell  shown  separated  from  the  surrounding  country, 
ese  schists  and  granites  are  pierced  at  many  points  by  a  number  of 
5  of  felsite  porphyry,  which  are  also  indicated  on  the  map.  Usually 
5  form  hills  or  ridges,  and  while  some  are  quit«  long,  the  porphyry 
ipparently  often  found  vent  through  less  extended  oi>enings,  now 
ing  as  sugar-loaf-formed  hills,  without  the  direction  of  the  dike  be- 
learly  indicated.  Such  forms  are  shown  by  a  cross.  The  porphy- 
rary  considerably  in  character,  but  no  careful  comparative  examin- 
i  of  them  has  vet  been  m^ide.  Some  contain  remarkably  handsome 
als  of  feldspar,  often  of  the  form  of  the  Carlsbad  twins, 
e  tellurium  ores  of  Gold  Hill  occur  in  connection  with  one  of  these 
^,  (see  section  beyond.)  This  dike  varies  from  45  to  35  feet  in  width, 
Is  about  north  3<P  east,  and  dips  approximately  80°  to  the  n3rth- 
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.  On  the  east  side  is  the  Ked  Cloud ;  ou  the  west,  the  Cold  Spring 
IS.  The  former,  upon  a  casual  exauiiuation,  showed  a  well-defined 
^ng-wall,  or  that  on  the  side  of  the  porphyry,  a  vein  usually  three  or 
feet  in  width,  but  in  places  pinching  out  to  a  few  inches,  with  at 
point  a  clay-like  "gouge,"  and  an  indefinite  foot-wall  on  the  side  of 
coarse  gneissic  gntnite,  which  is  here  the  country- rock.  Some  of 
i^ein-matter  appeared  as  if  a  decomposed  granite,  while  the  pyrite  is 
nost  frequently  occurring  mineral  in  the  dull  quartzose  gaugue  of 
rein. 


THE  TELIUEIDE  ORES  OF  THE  RED  CLOUD  AND  COLD  SPRING 
MINES,  COLD  HILL. 


II V  U.  SiLIJMAX.' 


Ill  Miiy,  1873, 1  liriufly  uiiiiouitcod  tlie  discover.vof  tellnriiimgold-orea 
at  the  h'l-d  Cloud  miiiit  in  Cotonido,  and  stated  that  Prof.  S.  P.  Hill,  of 
black  Hawk,  bad  iiroi>oHed  tfl  wnd  me  apediiiens  of  tliese  ores-t  The 
!SlKt:iinoustseiit  by  Pmfessor  Hill  were  long  iu  i-eactiiii};  m<-,  and  it  is  only 
reci'utly  that  I  Iiavo  exauiiiied  thoin.  Tli«  obscivatioiiH  uiade  in  tbe 
snnnuerof  1873  by  tlio  oflieersof  Dr.  Uaydcu'fi  ex}>cditioii  bave  sup- 
plied flic  data  uetMlfnl  to  iindorstniid  tlie  modoof  occarrem^e  of  these 
0W9,  fur  tlie  details  of  which  ri'i'erence  is  made  to  Mr.  Marvine's  uotes 
and  map,  which  form  pai-t  of  this  i>iiper. ' 

It  a)i|)earBfrom  theui,  iu  general,  that  near  the  miniDg-hauilotof  Gold 
Hill,  aliout  tweiity-flve  miles  northwest  of  Denver  City,  and  at  an  ele- 
vation of  almost  8,000  feet  above  tide,  is  a  wide  dike  of  |»or[)byry  cnt- 
tirig  tlie  metumoriihic  rocks,  probably  of  Archieaii  age,  about  six  miles 
west  t)t'  wbcru  the  Triassic  rtXtks  die  out  at  the  base  of  the  mouutaius. 
A  section  of  this  dike,  A,  Ibruislied 
by  Ml'.  Miu-vine,  is  annexed,  showing 
the  telhirium- bearing  veins  B  and  V 
on  its  sides.  The  iwrpliyry  of  whieh 
it  is  comjiosed  has  distinct  crystals  of 
feldspar  implanted  in  a  purplish-gray 
paste.  These  crystals  have  a  gi-eeu- 
roliyrj-ilikn:  B,  C,  vL-ins  ^itb  gnl<l  ish-wbite  color,  and  am  evidently 
iiDil  tcHuriDiu-jn!!!.  partly  decomposed.    As  seen  in  a  mi- 

croscopic section,  it  shows  the  usual  obscurely  crystalline  gmundmass 
of  tVlsite,  with  crystals  of  quartz,  aud  sections  of  lelds])ar  crystal.'^  show- 
ing till'  parallel  bands  of  a  triclinic  species,  Aglanc«at  the  map  shows 
tlu;  piisitiuu  aud  course  of  this  dike,  and  also  the  existenceof  other  dikes 
of  porphyry  iu  the  same  ivgion.  Tiie  porphyry  from  the  "T-SO"  aud 
"  Central"  mines  closely  resembles  that  fnmi  the  "Ued  Cloud,"  while 
that  tVoiii  a  dike  (No.  13IJ)  Iwtween  the  "  7.30"  and  the  *' Americus"  is 
distinctly  trachy tic,  and  that  from  the  "  Niwot"  mine,  at  the  west  margiu 
of  llif  map,  (No.  181,)  is  a  <]uartis-i)orpliyry,  with  distinct  crystals  of 
biaxiiU  mica.  Those  from  the  dikes  at  Jim  Town,  (specimens  No.  147,) 
on  t!u:  north  border  of  the  (iistriet,  are  distinct  sanadiu-trachyte. 

Till-  tellurium -ores  have  been  explored  so  far  only  in  connection  with 
the  dike  near  Goltl  Hill,  shown  iii  the  section,  although  they  exist  with 
the  dike  at  "  7.30"  and  tUc  "  Central."    These  ores  arc  found  along  the 

' ''''"'  '  nbriliincu  of  the  fiillowing  roinurku  won  originally  rommuiiicitted  nt  tlic  April 
lr-74)  of  tlie  Nutioiinl  Acatk'iiiy  of  Scicucen  nt  Waiihiiit^oD,  anil  alieiirarii 


ai'i'i'ai'i'il  ill  tbu  foTuiof  au  urticlcenlhliHl  *' Mitieralo^cal  Notes;  Tclliiriuiii  Ores  iu 
CulDmilu:  by  IJ.  8iUimnD,"in  thu  Auivricaii  Jfliirnnl  uf  Scicnco  niid  Arta  for.Iir'"  '■"' 
which  tbey  ore  now  bcrc  rcproilurcd  liy  tUopennissionof  tbo  author. 


IJ.  Sillimnn,"  in  Iho  Auivricaii  Jniirnnl  of  Scicnco  and  Arta  for  .Inly,  1S7J, 
._  ._  ...  _.ch  tbey  ore  now  bcrc  rcnroilurcd  liy  tUopennissionof  tbo  author.  Itwaa 
roiiiifiction  wilb  this  article  that  tun  iirewdiuf;  notus  on  the  guucral  geology  of  the 

ion  iitiout  Gold  Hill  wero  prepniwl  and  apjiroved. 

AuierlCBU  Journal  of  Sciouco  aud  ArtH,  ill,  vol,  V,  28G. 


8ILUMAN.] 


TELLURIDE    ORES.  689 


line  of  contact  of  the  walls  of  the  dike,  in  a  qaartz  gungae,  associated 
chiefly  with  pjrite  in  saiall,  brilliant,  higlily-raodified  crystals,  andrarely 
with  chaleopyrite  and  sphalerite.  Professor  Hill  speaks  (loc,  eit)  of  lead ; 
but  I  have  found  no  salts  of  this  metal  in  the  specimens  received.  The 
quartz  is  chiefly  hornstone  and  uncrystalline  quartz,  and,  on  the  side  of 
the  country-rock,  it  is  mixed  with  feldspar.  Native  gold  is  not  visible 
in  any  of  the  specimens  I  have  seen  of  this  ore  from  below  the  surface; 
but  where  the  surface  is  weathered,  it  exhibits  free  gold,  arising  from 
the  decomposition  of  the  tellurets. 

On  the  sides  of  the  dike,  the  line  of  division  is  clearly  defined,  but  not 
so  on  the  side  adjacent  to  the  metamorphic  rocks,  it  blending  on  this 
side  with  the  granitic  materials.  The  thickness  of  the  veins  varies  from 
four  or  six  feet  to  a  few  inches,  but  the  rich  tellurium-ores  form  a  com- 
paratively narrow  seam  near  the  center  of  the  vein.  The  Red  Cloud 
mine,  which  is  found  on  the  under  side  of  the  dike,  has  been  explored  to 
a  depth  of  about  70  feet.  The  Cold  Spring  mine  is  explored  on  the 
upper  side  of  the  dike.  The  tellurium-ores  are  not  found  in  the  body  of 
the  dike,  but  have  (owing  probably  to  the  long-continued  high  tempera- 
ture of  the  dike)  found  lodgment  in  the  granite  outside  of  the  walls,  and 
not  in  immediate  contact  with  them. 

The  species  at  the  Red  Cloud  mine  are  native  tellurium  sylvanite  and 
hessite,  (which  has  been  called  petzite.)  The  simplicity  of  the  mineral- 
ogy of  this  locality  is  in  strong  contrast  with  what  is  found  in  the  tel- 
lurium-veins of  Transylvania,  which  are  mentioned  more  particularly 
farther  on. 

Native  tellurium. — The  occurrence  of  this  rare  species  in  the  United 
States,  in  California,  was  mentioned  by  Dr.  Genth,  with  a  query,  in  his 
Contributions  to  Mineralogy,  No.  vii,  (American  Journal  of  Science,  II, 
xlv,  313.)  Its  existence  in  the  Red  Cloud  mine  is  unequivocal.  It 
was  simultaneously,  yet  independently,  detected  by  Dr.  Endlich  and 
myself  in  a  small  specimen  from  the  collection  made  at  the  mine  last 
summer,  and  now  forming  part  of  the  Smithsonian  collection  in  Wash- 
ington. It  did  not  exist  in  the  collection  of  those  ores  sent  to  me  by 
Professor  Eill.  The  hexagonal  cleavages  are  perfect,  and  one  small 
and  very  perfect  crystal  was  found,  which  has  been  measured  by  Mr. 
E.  S.  Dana.  Its  reactions  before  the  blow-pipe  are  perfectly  in  accord- 
ance with  those  of  the  species.  It  contains  no  selenium  and  only  a  trace 
of  gold. 

Auriferous  hessite. — ^This  mineral  has  been  spoken  of  as  petzite;  but 
it  contains  much  too  little  gold  for  this  latter  species.*  Its  specific 
gravity  is  8.6 ;  luster  splendent  when  freshly  broken;  fracture  conchoi- 
dal,  brittle,  but  somewhat  malleable ;  under  the  pestle  laminates  into 
thin  scales,  and  is  with  difficulty  reduced  to  fine  powder,  leaving  on  the 
agate  surfaces  metallic  streaks  of  i>lumba go-like  color.  Color  telluric, 
tarnishes  blackish  on  exposure,  sometimes  irridescent.    Cleavage  none. 

Before  the  blow-pi[)e  in  the  closed  tube,  the  pure  mineral  (with  no 
trace  of  pyrite)  decrepitates,  fuses  to  a  globule  adhering  to  the  glass, 
and  exhales  a  white  sublimate,  fusing  into  clear,  colorless  globules. 
Alone  on  coal,  in  both  flames,  it  gives  a  globule,  coats  the  coal  with  the 
characteristic  areola  of  tellurium  and  tellurous  acid ;  it  does  not  exhale 
any  odor  of  selenium,  nor  show  any  trace  of  lead.  The  globule  is  non- 
magnetic if  pyrite  is  absent,  and  does  not  vegetate  with  silver  as  hes- 
site does  with  soda;  it  gives  a  large  bead  of  silver,  which  dissolves  iu 
nitric  acid,  leaving  gold  in  powder. 

''Mr.  A.  Eilers,  M.  E..  in  a  notice  of  the  Red  Cloud  mine,  in  the  Traopactions  of  the 
American  Institute  of  Mining  Engineers,  vol.  1,  p.  315.  considers  it  petzite. 
44  G  S 
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Cupellation  gave,  gold.  4.40  per  cent ;  and  silver,  50.90  per  cent. 

By  a  partial  analysis  1  found,  in  the  wet  way,  gold,  7.131;  silver,  51.061 
per  cent.  Understanding  from  Dr.  Genth  that  he  is  engaged  in  the 
chemical  investigation  of  this  si>ecie8,  as  well  asof  the  other  tellnriurii 
iniuerals  of  the  Red  Cloud  mine,  with  abundant  material,  I  have  will- 
ingly abandoned  this  work  to  him,  satisfied  that  it  cannot  be  in  better 
hands. 

Sylvanite. — This  species  from  the  Red  Cloud  mine  yields  in  the  open 
tube  a  faint  odor  of  selenium,  and  the  gray  ring  of  tellurium  is  preceded 
by  a  sliglit  reddish  ring  of  selenium.  In  the  closed  tube,  the  ring  of  tellu- 
rium is  more  distinct,  and  the  deep  yellow-brown  vapor  of  the  metal  is 
clearly  seen,  but  the  selenium  is  not  evident. 

Alone  on  the  coal  it  fuses  with  exhalation  of  the  odor  of  selenium  and 
its  wellcharacterizvd  blue  flame.  The  first  touch  of  the  outer  flame 
causes  a  liquid  fusion,  coating  the  coal,  like  argentic  nitrate,  with  a 
silver  film,  and  a  yellow  areola  appears  before  the  white  film  of  tellu- 
rium oxide.  Continuous  flaming  in  the  reducing-flame  producer  a  well- 
marked  yellow-brown  areola  within  the  tellurium-ring,  becoming,  as  it 
cools,  much  more  brown.  It  probably  contains  lead  and  antimony.  Its 
reactions  are  not  those  given  by  Berzelius  for  sylvanite.  It  contains  by 
assay  gold  and  silver  in  the  proportion  1.7  to  1.  In  the  formula,  (Aii 
28.5,  Ag  15.7,)  the  ratio  of  the  gold  and  silver  is  1.8  :  1.  My  st(>ck  of 
this  species  was  not  suflicient  to  permit  a  determination  of  the  specific 
gravity. 

Professor  Eill,  who  has  smelted  large  quantities  of  the  ores  of  the  Red 
Cloud  mine,  informs  me  that  *' these  minerals  exist  in  this  ore  as  minute 
particles,  or  so  fiuely  divided  as  to  produce  the  eftect  of  a  stain  in  the 
rock.  One  of  the  specimens  sent — the  darkest  colored — assayed  here 
was  found  to  contain  1,890  ounces  of  gold  and  5,300  ounces  of  silver  to 
the  ton  of  2,000  pounds"— about  $50,000  in  value. 

Conipariug  what  is  known  of  the  mineral  associates  of  the  tellurium- 
ores  of  Colorado  with  those  of  Transylvania,  as  described  by  von  Cotta, 
the  great  simplicity  of  the  mineralogy  of  tlie  Colorado  veins  becomes 
very  conspicuous.  The  age  of  the  porphyry-dikes  which  cut  the  Ar- 
chaean rocks  of  Colorado  has  not  been  determined;  but  it  is  probable 
that  they  are  more  recent  than  the  Triassic  rocks  which  flank  the  base 
of  the  mountains.  The  tellurium  veins  of  Oft'enbanya  are  accompanied 
by  igneous  rocks  of  more  recent  date  than  the  Eocene  sandstones,  and 
those  of  Nagyag  exist  only  in  connection  with  igneous  rocks,  also  of 
probable  Eocene  age,  (called  by  von  Ilingenau  "greenstone-porphyry,") 
and  com[)osed  of  feldspar  and  amphibolej  which  have  broken  through 
sandstone  and  argillaceous  shales. 

In  Ottenbanya,  the  tellurium-ores  occur  under  very  peculiar  geologi- 
cal conditions;  that  is,  in  veins  in  igneous  rocks  and  in  segregated 
masses  in  granular  limestone.  The  veins  occupy  thin  clefts,  fifteen  of 
which  on  one  property  are  tolerably  parallel  to  each  other,  (east  and 
west,  dip  30^-400  north,)  with  an  average  width  of  about  an  inch,  and 
they  carry  chiefly  sylvanite,  and  nagyagite,  sparingly  distributed,  and 
more  rarely  native  gold.  The  chief  matrix  is  quartz  and  diallogite,  as- 
sociated with  pyrite,  galenite,  sphalerite,  stibnite,  native  silver,  and 
pyrargyrite. 

The  gangue  of  the  Nagyag  lodes  is  diallogite,  or  brown  spar,  or  cal- 
cite,  or  hornstone  and  quartz;  ic  varying  in  the  different  lodes  and  in 
different  parts  ot  the  same  lode.  The  gold-bearing  tellurium-ores  are 
scattered  through  this  gangue  with  mauganblende  and  pyrite.  The 
chief  ores  worked  are  nagyagite,  sylvanite,  gold,  auriferous  iron  pyrites, 
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argentiferous  tetrahedrite,  native  silver,  and  galenite.  Associated  with 
these  are  hessite,  bournonite,  jamesonite,  barite,  sphalerite,  stibnite, 
native  arsenic,  realgar,  orpimeut,  silver  glance,  chalcopyrite,  marcasite, 
native  copper,  malachite,  pyrrhotite,  sulphur,  &c.,  with  various  epigene 
sx>6cies.  In  all,  over  forty  mineral  species  are  enumerated  as  found  in 
the  veins  of  Nagyag.  Compared  with  this  abundance,  we  find  at  the 
Red  Cloud  mine  only  native  tellurium,  sylvanite,  hessite,  pyrite,  chal- 
copyrite, and  more  rarely  galenite  and  sphalerite,  with  native  gold  and 
an  epigene  species  at  surface.  The  gangue-stone  is  hornstoue  or  chalce- 
donic  quartz,  with  feldspar. 

Possibly  explorations  at  greater  depths  may  develop  other  species, 
but  this  result  has  not  followed  the  deep- workings  of  the  silver-mines  in 
Nevada,  where,  at  the  depth  of  1,500  feet,  the  number  of  species  found 
is  not  greater  than  it  was  at  the  surface.  A  like  paucity  of  species 
characterizes  the  metamorphtc  and  volcanic  rocks  of  the  Sierra  Nevada 
in  California. 
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A.  I*ngo. 

Actiuolite .' 2(55, 267 

Agate 267,269 

Alubandite 267 


Alluvial  deposits 1 350 

Alps  lode 287 

Amazon  stone 268 

Americus  mine 353 

Amethyst 267 

Ammonites 26 

Ampbibole 267,268 

Analyses  of  western  li!j:nii.c  coals.  112, 114 

Au^resite 267 

Anhydrite 267 

Anna  and  Washington  lode 305 

Anticlinal  ridges 19,79 

Aqueo-igneous  fusion 142 

Arapahoe  Peak 86, 87, 90, 150, 152, 159 

Arcluean  area 146 

rocks,  93, 96, 98, 138, 1:39, 146, 155, 

156 

Argentine  Pa«s 88 

Argentite 267 

Arizona,  Northern 188 

Arkansas  Cafiou ; . .      240 

marls 49,240 

Park 50 

River 48,239,307 

sandstone 312,326 

Valley 48, 50, 55, 239, 304 

Arsenopyrite 267 

Asphaltum  spring 101 

Audubon,  Mount 86 

Aziirite 267 


B. 


Bad  lands 17 

Badger  Creek. 308 

Baker  mine 298,303 

Baker  or  Douglass  coal-bed 122 

Barber  opening 122 

Baret 267 

Basalt 76 

Basaltic  lava 158 

Basanite 267,269 

Bates  Hunterlode 284 

Bear  Carion,95,  l»7, 99, 100, 102, 128, 135, 136 
Bear  Creek, 89, 95, 100, 102, 147, 149, 197, 204 

Creek  station 129 

River 89 

Bear's  Church 98 

Beaver  Creek 200,210 

Bellevue  Mountain 257, 258 

Peak 65 

Belmont  lode 298 


Page. 

Bergen  Park 207 

Park  Mountain 89 

Berthoad,  E. L  . .97, 106, 108, 109, 112, 120, 

126, 136 
Bertboud  Pass  group  of  mountains,      153 

B^rthond's  Pass 87 

Big  Boulder  Creek 30 

Horn  range 20, 49 

Thompson  Creek  .20, 21, 89, 96, 98, 102, 

133, 151 

Binney,  William  G.,  report  of 623 

Biotite 268,269 

Birdseye  gulch 41 

Birdseye  schist 22 

Black  Eagle  lode 302 

Hills 20,21,49 

Mountain 302 

Pyramid  Peak 61,63 

Warrior  lode 302 

BlueRiver 40,61,74,79,80 

Mountains 157, 187, 189, 190 

range 47, 68, 75, 76, 79, 189 

terraces 81 

Valley 184,187 

Bobtail  Hill 2^1 

lo<le 285 

mine 285 

Bogg's  ranch 328 

Boulder  City 29, 97, 122, 131,  i:r> 

County 291 

Creek 122,128 

Pass 87,150 

Peak 97 

Valley 29 


Valley  region 124 

Bowles,  Mount. 239 

Box  Elder  Creek 105,121 

Bradford  Hill 137 

Breccia IK) 

volcanic 319 

Breckenridge S^ 

Briggslode 286 

Brooks,  Eli 109 

Bross,  Mount,  81, 168, 169, 171, 175, 225, 22{} 

Brown  Mountain 297 

Buckeye  lode 304 

Buckskin  Creek 226,229 

gulch ^6,227,228,229 

fault  in 228 

Mountain 226 

Buffalo  Peaks 50,2:?7 

Bulldog  lode 299 

Burleigh  tunnel 299 

Burroughs  lode 288 

Byers,  Mount 88, 90, 91, 153, 161, 170 
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CafioD,  ArkaDsas 240 

Bear  95, 97, 99, 100, 102, 128, 135, 136 

Beaver 200,210 

ChiaDQ 34 

Lake  Creek 241 

Lower '...        79 

South  Platte 211,213 

Spring 23 

Turkey  Creek 36 

Upper 79 

WilliamB 34,35 

Carnallite 267 

Carpenter,  W.  L.,  report  of . .  .537, 538, 539 

CaacadeCreek 252 

CoatlePeak 61,253,255 

Catalogue  of  minerals 267 

rocks 270 

Cement  Creek 248 

Central  City 280 

Central  lode 353 

Centreville 318 

Cerargyrite 267 

Cerrussite 267 

Chabazite 130 

Chalcedony 269 

Chalk  Creek 337 

Cheyenne 17,105 

Chiann  CaQon 34 

Chicago  Creek 89,148 

Chief,  peak 147,148,149,152 

Chlorite 265,267 

Clear  Creek . .  51, 87, 89, 91, 95, 125, 129,147, 

148 

Coal 27, 28, 33,  38, 82, 119, 203, 216, 259 

Coal,  calorific  powers Ill,  115 

Coal,  moisture  in Ill 

openings 120 

series 110 

slack 118 

Trinidad 118 

Coal  Creek 89, 97, 122, 124, 136, 139 

Coal-mines  in  Colorado 120 

Coals 116,126 

applications 117 

Western  Wyoming  and  Utah .       118 

Cache  ii  la  Poudre  Creek 20, 105 

Calciferous  group 35 

Calcite 267 

California  gulch 42^43, 44, 47, 235, 303 

lode 289 

Camp  Grave  lode 288 

Canon  City 20 

City  coal 118 

cutting 142 

Grand  River 67 

iiower 79 

Middle 79 

Upper 79 

Canyon  coal-mines 330 

Cape  Horn  lode 305 

Capitol  Peak 260,261 

Carboniferous  beds  and  rocks. ..  17,  30, 46, 

58,  59,  71,77,93,105,137, 

197, 198, 201, 204, 219, 236, 

242,  245,  255,  259,  349 

fossils 77,78 

limestones 21 

sec.  a,  San  Luis 308,310 

sec.  5,  Sau  Luis 326 

sec.  c,  San  Luis 339 


Page. 

Caribou  City 300 

lode 300 

Pass 87 

Climate,  Tertiary  epoch 419 

Coke 118 

Cold  Spring  mine 354 

Cold  Stream  lode 297 

Coleman  shaft 287 

Colorado  Central  lode 295 

City 199,200,201 

divide 199 

gulch 304 

lignitic  group 107 

pinery 205 

plateau 139,188 

River 62 

Springs 20,203 

Columnar    structure    of    volcanic 

rocks 346 

Como,  Lake 105 

Concentration- works 291 

Conrad,  T.  A.,  report  of 487 

Continental  divide 83 

Cope,  E.  D.,  report  of 429 

Corals 77 

Corral  Creek 91,177 

Corral  Peak 171,174 

Cottonwood  Creek 307 

Creek,  Badger 308 

Bear.,  89,95,100,102,147,149,197, 204 

Beaver 200,210 

Boulder 122,128 

Blackskin 226,227,229 

Box  Elder 105,121 

Buckskin 226,229 

Camp 200,203 

Cascade 252 

Cement 248,252 

Chalk 337 

Chicago 89,148 

Clear.  51, 87, 89, 91, 95, 125, 129, 147, 

148 

Coal 89, 97, 122, 124, 136, 139 

Corral 91,177 

Cottonwood , 307 

Crooked 212 

Currant 309 

Deadman's 200 

Dike 255 

Fontaine  qui  bouilie 204,206 

Fountain 20,30 

Four-Mile.    {See  Horseshoe.) 

Frying  Pan 56,265,266 

Grape 333 

Hardscrabble 324 

Horseshoe,  Four-Mile,  223,224,227 

Jackson 197 

Jim *....89,151 

Lake 53,240,241 

La  Plata 240 

Last  Resort 141 

Left-Hand.  .89, 97, 128, 135, 144, 151 

Little  Thompson ..  .28, 89, 95, 96, 97, 

102,133,140,151,157,184 

Maroon 262 

Michigan 213,214 

Middle  Boulder 89, 152 

Middle  Saint  Vraius 151 

Monument 199,200,202 

Morainal 56 


GENERAL   INDEX. 


695 


Page. 

Creek,  Moeqiiito 228,229 

Muddy 131 

North  Boulder 89, 128, 129, 131 

North  Clear ' 89 

North  Fork 22,241 

North  Saiot  Vraios 151 

Oak 322 

Oil 101,313 

Pass 190 

Pine 240 

Plnm 197,199 

Ralston. 89, 95, 97, 100, 102, 103,  I'M), 

139 

Roches  Moutonn6es 243, 245 

Rock 258,259 

Sacramento • 229 

Saiut    Vraiu8..20,31,89,96,97,99, 

128, 134 

Sand 120 

SanLnis 332 

Snow  Mjws 261,205 

South  Boulder  .89, 97, 127, 128, 129. 

131,136,150,152 

South  Clear 87,89,147 

South  Saiut  Vraius 151 

Spriig 197 

Tallahassee 307 

Tarryall  .211, 212, 213, 214, 253, 254. 

301 

Taylor's 56 

Tcn-Mile 92 

Teocalli 62.25:^,254 

Texas 246,333  \ 

Thompson 120,128 

Touiicbi 341 

Troublesome 81 » 91, 172, 177 

Trout  . . .  .208, 209. 210, 212, 218,  ^38 

Turkey 89, 96, 101, 102, 141, 150 

Twelv'e-Mile 47 

West 197,199,210 

West  Monument 200 

Wi'stPlum 197,199 

WestTavlor 58 

Willow,  82, 90, 165, 170, 171, 172, 197 

Crested  Butt« ()7,256 

Cretaceous  beds  and  rocks..  .18, 19,23,28, 

32, 3H,  78, 80, 81 ,  93, 95, 104,146, 

154. 156, 171, 186, 187, 188,  196, 

199, 201, 219, 220, 249, 250,  256, 

2C9. 264, 317,  'M9 

fauua,  with  Tertiary  flora..  107 

fossils 26 

No.  1..100, 101, 133,  163, 191,313 

No.2 102 

No.3 102,103 

No.4 103 

No.  5 103, 166, 172, 190 

sec.  a,  San  Luis 313,316 

sec.  b,  Sau  Luis 329, 330 

sec.  c,Sau  Luis 341 

shales 133,178,185 

Crinoids 77,242 

Christones,  peaks 328 

Curraut  Creek 307 

D. 

Dakota  group 24,65,78,79,80,81,104 

group.  No.  1 105 

group  ridge 23 


Poga 

Dallas  lode 289 

Davidson's  opening 122 

Deadman's  Creek 200 

gulch 248,249 

Del  Norte  lode 333 

Denver  City 83,85,109 

smelting- furnace 70 

Devonian  heds 93,349 

sec.  a,  San  Luis 308 

sec.  c,  San  Luis 340 

DikeCroek 255 

Dikes 249,252,260 

Dikes,  sec.  a,  San  Luis 321 

sec.  &,  Sau  Luis 332 

sec.  c,  Sau  Luis 346 

Diluvial  deposits 350 

Diorite,  sec.  6,  San  Luis 325 

Divide  l>etween  waters  of  Pacific 

and  Atlantic 55 

Dobson's  ranch 331 

Doleritic  breccia 156 

Drift,  sec.  a,  San  Luis 321 

sec.  b,  San  Luis 332 

sec.  c,  San  Luis '^46 

Dry  Creek 133,134 

E. 

Eagle  River 71, 78, 239, 242, 245 

canon  of 71,74,242 

East  Creek 64 

Fork 64,90 

of  the  Grand 86,87 

Gunnison (>0 

Valley 65 

River 64,248,249,250,256 

Eastern  slope 88 

Eclipse  tunnel 300 

Ed  wards,  W.  H. ,  report  of 542 

Elbert.  Mount   239 

Electric  phenomena 327 

Elevations : 

Buffalo 634,635 

Cairo 656 

Cheyenne 653 

Chicago 637,640-642 

Cleveland 634,636 

Colorado  Springs 654 

Denver 652 

Fairplay 654 

Golden (K>3 

Indianapolis 645 

Kansas  City 650,  (k)1 

Lake  Erie 634,635 

Huron (W7 

Michigan 637 

Ontario 6:W 

Memphis 654 

Mount  Lincoln 654 

Ogden 653 

Ohio  River 655 

Omaha •. 648,650 

Pike'sPeak 654 

Saint  Louis 646 

See,  aUo,  Alphabetical  list. 657-659 

Elk  Lake 260 

Mountains 53,70,257 

Mountain  range 61,250 
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Elk-Head  Mountains .. 

Elkborn  lode 

Elko  station 

Empire  City 

giilcb 


Page. 

77 

290 

81 

87 

44 

Endlich,F.  M 143,144 

report  of 275 

Eocene  flora 107,:i6r) 

rocks 93,10(3 

Epidote 194 

Equator  lode 296,299 

Erie  mine 121 

Eruptive  rocks 129 

Euluer  coal-bank 122 

Euphotide 3:i8 

Evans  gulcb 41 

Mount.  .87, 88, 147, 148, 149, 150, 204 
ridge 89 

F. 

Fair  Play 212,302 

lode 304 

Fall  River 89 

Faults  in  liuckskiu  gulcb 228 

in  MoH(iuito  gulcb 228 

near  Mount  Lincoln 228 

on  Cement  Creek 252 

HorseKlioe  or  Four -Mile 

Cieek 234,235 

Italian  Mountain 250 

Feldspatbic  veins 143 

Fisk  lode 282 

Five-Twenty  lode 42 

Flack  lode 289 

Flora,  Lignitic 3()5 

Tertiary,  distribution 378 

new  species 391 

Flora,  Mount 87 

Florissant 210 

Fontaine  fxui  bouillo 204,207 

Forks  lode 289 

Fort  Benton  group 25, 104, 196, 203 

Fetterman 21 

Pierre  groups 104 

Union 107 

Fossil  leaves 121 

pluntH,  distribution 379 

Fossils,  Carboniferous. . . .  198. 2:n, 242, 243, 

247. 252 

Cretaceous 196,202 

Permian 245 

Silurian 202, 208, 209, 230 

Tertiary 197,203,210,219 

Fountain  Creek 20,30 

Valley 34 

Four-Mile  Creek 46, 89, 144, 152 

{S(v  ITor8<^8hoe  Creek.) 

Fox  Hill  beds 104 

Frazer,  IVrHifor,  jr 102 

Frazer  bawin 88,161 

drainage 88 

River. ..  81, 87, 90, 166, 168, 173, 180 

Frazier  canon 164 

Fresli-wator  Ihke  deposits 27 

Front  or  Colorado  range. . 49, 76, 84, 93, 97, 

194, 207, 306, 313,  :}22 
Front  or  Colorado  range,  elevation 

of 204 

Frying  Pan  Creek 56, 265, 266 

Fullerton  bank 124 


G. 


Pag& 


Gannett,  Henry,  report  of 670 

Garden  of  the  Gods 34,  35, 93, 200, 205 

Gardner,  James  T.,  report  of 627, 629 

Gardner  lode 269 

Garfield,  Monnt 59 

Gem  mine 333 

Georgetown 88,148,149,293 

Georgia  Pass 213 

Gilbert 188 

Gilpin  County,  mines  of 278 

(or  Wenrich)  mine 127 

Glacial  moraines 157 

period 45,52,55 

pbenomena 44,48,51,350 

Glen  Eyrie 200,203,204 

section  tbrough 201 

Gneiss,  sec.  6,  San  Luis 325 

Gueissic  strata 139 

Gold  Hill 151,152 

Golden  City,  19,95, 97, 100, 106, 108, 129, 135, 

136,  l:}7 

mines 125 

Golden  Peak 89 

Gothic  Mountain,  Batte,  or  Peak,  64,68, 257 

Grand  Army  mine 288 

Lake 91,159 

River,  78,  79, 81, 86, 90, 166, 168, 169, 

173, 180 

Gallon 67 

East  Fork 159 

North  Fork 157 

Valley 81 

Granite 48,50,348 

elevation  of :I22 

sec.  a,  San  Luis 306 

sec.  &,  San  Luis 323 

sec.  c,  San  Luis JtJS 

structureless : 138 

Granites,  metamorphic 84 

Granitic  gneiss 294 

strata 139 

veins 143 

Grape  Creek 333 

Gray's  Peak 76, 87, 90. 92, 146, 148, 149 

Ridge 88 

Green  Mountain 130 

River 62 

Gregory  Hill 291 

lode 284 

Greenocki  te 290 

Grizzly  Peak  239,241 

Gulch,  Buckskin 226,227,228,229 

California 235 

Deadnian's 248,249 

Empire 234 

Iowa 234 

Mosquito 228,229 

Gunnell  lode 289 

Gunnison  River 246,247,340 

East  Fork 60 

Valley 57,58 

Guyot,  Mount 213 

Gypsum 20 

occurrence  of 199, 202, 225, 866 

H. 

Hagen,  H.  A.,  report  of 571 

Hardscrabble  Creek 322 
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Hamilton 214 

H arvani,  Moii tit 239 

Haydeu,  F.A.,  98, 102, 104, 106, 107, 120, 123, 

126, 127, 130, 133 

report  of 17 

Park 210 

Helena  lodo 305 

Heloslode '- 289 

Hfuiatito 265 

HendrickH,  Mount 130 

Henryite 354 

Hiawatha  lode 303 

Hill,  Charles 43 

Hodge,  James  T 106, 120 

Hogback 19.94,101,153 

Holmes,  William  H. ..99, 129, 13P,  166, 169 
Holy  Cross,  Mount  of  the  . . .56, 62, 71, 74, 

76, 2;^9 

Homans  Park 328 

Homestake  lode iW3 

Hoosier  Pass 40, 226 

Hornblende 267 

rock,  sec.  &,  San  Luis..       325 

rocks IW 

Horsehoe  (or  Four-Mile)  Creek,  40,223, 22^4, 

227, 229, 234, 235 

gulch 44 

Mountain 45, 229 

Hot  springs-. 91, 155, 162, 167, 169, 177, 178, 

180 

sulphur-springs 168 

Hubbard  claim 301 

Huut^s  Peak 325 

Hyalite 344 

I. 

Idaho 148,152 

Illinois  lode 289 

International  hnle 298 

Intrusion  of  volcanic  rock  in  sand- 
stones       233 

Inverted  beds  on  East  River 256 

Rock  Creek 258 

lowagnlch 43,44,2:M 

Iron  127 

mine 43 

ore  on  Grape  Creek 333 

Italian  Peak 59,69,250 

J. 

J.  P.  Whitney  lode 291 

Jackson  Creek 197 

James  Peak 86,87,146,100 

Peak  group 161 

Jim  Creek 89,151 

Johnson  mine 126 

Jones  mine  127 

trail 88 

Jurassic  age 78, 81 

beds  . .  .32, 34, 38. 46, 80, 93, 95, 98, 

100, 104, 105, 128, 146,156, 

195,197,198,201,250 

section 196 

sec.  a,  San  Luis 312 

sec.  bj  San  Luis 329 

fossils 105 

marls 18 


K.  Pa^e. 

Kaibab  plateaa 188 

Kansas  lode 288 

Mining  Company 289 

Keystone  lode 333 

L. 

Labradorite 268 

Ladd,8.B 87 

report  of 661 

Lake  beds 157 

Creek 53,240,241 

Canon 241 

North  Fork  of 241 

Pass 55 

Valley 53 

Lake  Como 105 

Elk 260 

Upper  Twin 53 

Lakes,  Twin 47,54,240 

La  Plata  Creek 240 

Mountain 239.241 

Laramie  range 49 

Last  Resort  Creek 141 

Laumnite 130 

Laureutian  areas 139 

series 41 

Leavenworth  Mountain 297 

Leavitt  lode 284 

Lechner*s  ranch 38 

Le  Conte,  John  L 106 

Left-Hand Creek..  .89,97, 128, 135, 144, 151 

Leidy,  J 107 

Lesquereux,  L  . .  .24, 106, 106, 107, 118, 120, 

121, 124 

report  of 365 

Leucite 130 

Lignites  of  Colorado 107,119 

Lignltic 26 

age 369 

area,  northern 171 

beds 17, 137, 142, 146, 349 

section  of 202 

group 203,219 

ooal,  distribution  and  devel- 
opments         19 

physical  characters  . .       116 

coals 110,124 

formation 106, 156,328 

group 25,30,81 

period 82 

plants 33 

strata 19 

at  Golden  City 109 

Lilly  Mountain 89,151. 

Lincoln,Mount 225,226,227 

faults  near 228 

Little  French  claim 302 

Garden  of  the  Gods 35,200 

Platte  River 221,236 

Valley 46 

Thompson  Creek  ..28,89,95,96,97, 

102^,  133, 140, 151, 157 

Liverpool  lode 304 

Lode,  Alps 289 

Anna :«)5 

Bates  Hunter 284 

Bear-Hole 305 

Belmont 298 
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Lode,  Black  Eagle 302 

Black  Warrior 302 

Bobtail 285,286 

Briggs 286 

Buckeye 302 

Bulldog 299 

Burroughs 288 

California 289 

Camp  Grave 288 

Cape  Horn 305 

Caribou 300 

Cashier 305 
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Ancylocbira  conflnens 569' 

Andromeda  dnbia 381 

Grayana 381,384,385 

reticulata 385> 

vacciniiefolia)  affinis. . .      381 

Angeropa  crocataria 554- 

AnguidfB 513- 

Anisodactylns  rusticus 568> 

AnoplotheriidsB 462,500* 

Anostera 454 

AntbicidtB 570' 


706 


INDEX    OF   SYSTEMATIC   KAMES. 


Page. 

Antbocaris  AuBouides 542 

Julia 542 

Anthotn.vidfl^ «      564 

Autbracutheriam 461 

Antbrax  562,663 

alcyou 563 

iiaviceps 563 

fulviana 56:{ 

sinuosa 5<32 

Apatite 267 

Apbelopbis *AS 

talpivorus 518 

Aphelops 521,522 

cru88U8 521 

Apbidv8 567 

ApbodiiiHriiricoUi 569 

ApiHtoinyia 565 

Apodidib    619 

Apoopulix  sauriforniis 431 

Apa8 613, 615, 616, 617, 619, 620 

ujqualis 616, 620 

caiicriibrniiH 615 

Doniiu^eiisiH 616 

Liicasauus (»16, 620 

Nowberry  i 620 

obtusatUH 620 

productus 615 

loDgicaudatus 616, 620 

Aracbiiida 5:U» 

Ara<1uH  aiueiicauus 54 1 

Aralia 374,424 

priuiiguua 375 

Araneiiia 542 

Arctia 54 1 

Blakei 55H 

QiioiiHehi 540. 541, 543, 558 

MpecioKa C5H 

Argia ...: 59H,(>04 

Ar^ia  inucsta 598, 604 

Argyuiiis  Eiirvuomes 542 

Fie.va 541,542 

llalcyono 542 

Helena 542 

Ilt'speris 542 

Artemia 613,614,617,620 

arietiiia 614 

ferox 614 

fortilifj 621 

gracilis 620,621 

uioiiica 621 

salina 616 

Artiniesia f 162 

ArtlcMlactyla  . . .  .430, 462, 483, 498, 502, 529 

Artocarpidiuui 421 

olmediwfoliuin :i81, 400 

Artopbila 563 

Aruiido  Gojpperti 3rr0, 383,  :fc<9 

AsnpluiM   208 

Asida  elata 569 

opaca 569 

polira 569 

sordida ri(>9 

Asilicbc 563 

Asiniiualciocarpa 382 

iniocuuica 387, 388 

Asinoops 461 

Aspidium  Fiscberi IW8 

goldiauiim 380, 393 


Aspilates 551 

mundataria 551 

qaadrifasciaria 551 

Aspleniiim  subcretaccum 376 

Atelodus 520 

Atberix  variegata 563 

Atbyris ,339,341 

subtilita 60,252 

AtlaDtas  basilaris 541 

Attoidn> 542 

Aalastomnm  fuliginostiro 623 

lacuHtre 623 

Avicnla 243 

Aviculupecten 243 

Babirussa 463 

;  Baculites 26,68.79, 104, 166,202,370 

ovatus 38.64 

^  Bakevellia 243 

!  Bauksia  belvetia liSl 

i  lougifolia in'5 

Baptria  albotiiHciata 549 

albovittata 549 

BaHcaniuiii  cniihtiictor 517 

Batbuiuduu  bitipes 441 

radians 441 

aeuiicinotoa 441 

Batbmodontidiu 462 

Batbyuruu 208 

Saftordi 209 

Batylc  8uhiraliH 570 

Benibjdiuiu  Incidiim 568 

Mauuerbeitnii 568 

qnadriniaculatum 568 

Benzoin  ar.tiqnnui 381 

Herebcuiia  parvifolia 382 

voliibilis 421 

Bei^wns  striatus 568 

Betula 378,424 

candata 384 

graciliH :W0,397 

Steveufloni :W4.:i8(),:?87.388 

Betnlaceiu :i77 

Bibio r)52, 559. 562, 566 

grandis 566 

beteroptera 562 

Bibioccpbala 562, 564, 565, 566 

grandis 562,566 

Bibionidio 541.562 

BlapKtinnH  prat^^nsis 569 

Bleclinnm  Gcrppcrti 388 

BU'pbarocera 5(>4,  5<k>,  5<>6 

capitata 564, 5(>5, 566 

Blepbnrocerida*. 502, 564, 56i> 

BoavnH 517 

BonibuH  torniarias 541 

Bumbycida) 544, 556 

Bonibylida* 562 

Bonibvlina 562 

Bombylius 563 

ButtoaauTus 452 

niacrorbyncbus 452 

perrngosns 433, 452 

Brncbinnscontbrmis 568 

Brancbiuecta 621,622 

arctica 621 

Coloradensis 620, 621 

Groeulandica 621 
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Brancliinectes 617 

Branchipodidflo 617,6:20 

Branchipus 613, 614, 615, 617 

arietinus 614 

ferox 614,615 

Bridelia .• 377 

BromiuB 56:^ 

Brontotberium 484 

ingeus 485,490 

trigonoceras 488 

Biicanclla  nana 202 

Bunu3lnru8 463, 507, 508, 509 

lagophagus 508 

Bnprestidofe 569 

ButtDeriactro) 375 

Byrrhidffi 569 

Calwrwies  innjoraria 554 

Ctesalpinia 374 

Ihiearii'olia 390 

linearis 417 

Calamagras 517 

angiilatii8 518 

iniirivorus 517 

truxaliH 517 

Calauiites  gigas 245 

Huckovii 245 

Calaniopsis  Danai 'ir^O 

Calatbu8  dnbius 568 

ingratiis 5(i8 

Caloptenns  spretus 539, 54 1 

Calopteron  t«riuinale 569 

Cal(>pt«rygeua 598, 604 

Calopas  anguHtns 541,570 

Calvcites  bexapbylla I^'),  386 

Canielidaj 498,500 

Camelus 4<)4 

Cauida? 503,519 

Canie 505,519 

gregarius 505,506,5:07 

bartHboruianus 505, 506 

baydenii 519 

latrans 505 

lippincottianuB 506 

osonini 506 

SiBViis 519 

Cantbon  ebenas 569 

vigilauB 569 

Carabidio 568 

CarabuH  ta^datns 541,5(58 

Cardita  planicosta 443 

Carex  I^rtboudi 380 

tertiaria 389 

CarpiniiR 378 

Carpolitbea 390,418 

aracbioides 385, 386 

coccnloideH 387,388 

composituB 383 

falcatus 383 

Mexicanus 383 

oBsens 385 

palniarum 383,385 

spiralis 383 

Carpopbi  bis  pallipennis 568 

Ctirya  antiqnorntn 385 

Heerii 390 

Cassia 210 

concinua 385 
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Cassia  phaseolites 374,385 

Cassida  6-punctata 570 

Castetlioic 375 

Catocala  Walsbii 554 

Caulinites 373 

fecnuda 380,383 

sparganioides  .  380, 384, 386, 388 

Caulostonia  flavaria 554 

occiduaria 547,554 

Ceanotbas  cinuamomoides ^S9 

fibrillosus 382,383,404 

Celastrites 424 

Celtis  brevifolia 381 

Ceutetes 473 

CentetidtB 473 

Cerambycidas 538,570 

Ceratopogou 562 

Cercis  eocenica 383 

Cerura  borealis 5!% 

Cetiosanma 445 

Ceiitorbyncbus 570 

Cbtetetes 339 

Cliulicotherium 483 

Cbauioerops 421 

Cbanliogoatbus  hasalis 569 

Cbelydra 486 

Cbionobas .,...       544 

Cbryxus 542,544 

Semidea 540, 541, 542, 543 

Ubleri 544 

Cbironomidie 541,562 

Cbironomns 562 

Cbla*nins  sericeus 568 

Cbloroperla 577,603,605 

cydippe 577 

Cbondrites  bulbosns 379 

subsimplex 379 

Cbonetes 339,341 

Cbr^'Bocbloris 473 

Cbrysocbos  aaratus -570 

cobaltinus 570 

dissimilis 570 

exclamationis 570 

Cbrysomela  dissimilis 541 

Cbry  Homelidw 570 

Cbrysopa 599,605,606 

externa 599,605 

uigricornis 599,605 

oculata ..599,605 

Cbrysopbanus  Helloides 542 

CbrysoToxtim  derivatum 564 

Ciciudela  longilabris 567 

pnlchra 5g; 

puri>urea 567 

tranquebai^ica 567 

Cicindelidce 567 

Cidaria  aurata 549 

Ingubrata 549 

•     nnbilata 549 

obdnctata 550 

populata 544,549,550 

testata 544,550 

Cinnanionmm 387,421 

affine 401 

crassipes 385 

Heeri 381,385 

Mississippiense  377, 381, 383, 

385, 387, 388 
RossmiiBsleri  ..  .361, 365, 407 
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inDamomum  ScLeucUzeri  . .  .37G,  377, 383, 

385. 389, 390,422 

'ioniMloB *     447 

lU-cUtus 43:^,448,449 

3i88UB  kevigata 382 

loUato-creDAta.  37G,  382, 383,385, 408 

primstva 1170 

Ci§telicUe 570 

Cladocera 613 

Claates  glaber 436,441 

Cleonns  trivittatus 570 

Clepsine  ornata 623 

pallida (m 

Cleridro 569 

CleruB  spbegeus 569 

Ciisiocampa 557 

Clupea 461 

puBilla 461 

theta 461 

Cnexuiilophon 514 

Cocciuella  monticola 570 

picta 570 

transversogutta  . . .  539, 541 ,  570 

Coccinellid«} 5:J9,570 

Coccolaba  laevigata 387,  :W8 

Ca'Dony mpha  ochracea 542 

Coleoptera - 539,541 

Colias  Alexandra 542 

Eury  theme 542 

Keewaydia 542 

Meadii 542 

Bcadderii 542 

Collops  cribroBus 541,569 

Coloradia  Pandora 557 

Colotaxis  cristatus 477 

Colymbetes  agilis 568 

binotatus 568 

densus 568 

qnadriniacnlatuH 568 

Compsemys 454 

victus 433,454 

Comptonia 422 

Brongnarti 3*^ 

ConiontiA  ovnlis 569 

Conocorypbe 208 

Cordnlina 590,604 

Coremia  femigata 551 

lignicolorata 550 

Comas  acuminata 387 

Holmesii :W2,402 

impressa 376,385,408 

incompleta 382 

orbifera 3vS2,402 

platipbylla :^6 

rhaninifolia 3n7 

Studeri .382,385,402 

Corpbyra  Lewisii 570 

Corycia  vestaliata 553 

CorydaliB 599,605,600 

Corvdalis  cornnta 599 

Corylns 378 

grandifolia 387 

McQuarryi 385, 386, 387,  :«8 

Corymbites  morulns 569 

tinctns 5()9 

CrambuB  agitat>ollu8 548 

Carponterellas 548 

hamellus 548 

mutabilis 548 


Crania 209 

Credneria 424 

Creiuaatosaarua 513 

carinicollis 515 

uuipedalis 515 

Creophilus  villosas 5U8 

CriocephaluB  agrestis 570 

Crocodilia 458 

Crocodilns 441 

Crocota  brevicornis 559 

ferruginosa 550 

quiuaria 550 

Crvptns  robuBtus 541 

Culox 568 

Cnlicida) * 562 

Cupnlifera) 377 

Carcnlionidis 538,570 

Cvcbriis  elevatus 568 

CycIaB 613 

CymindiB  reflexa 568 

CynipB 567 

crinacens 567 

pegoniachoides 567 

BingalariB 567 

CynoniyB  hidovicianuB 480 

Cypcraceu) 375 

CyiMsrites 386 

anguBtior 384 

BolceuBis •  375 

DeucalioniB 389 

Cyi>eniB  BrannianuB.  389 

cbavanneBis 384 

Cypris , 440 

Cy  reua 440 

CytiluB  variuB 569 

Damphipnoa  lichenaliB 576 

Dai.aiB  urcbippus 542 

Duphnia 613,614,615 

pules 542 

Daphnogene 374 

anglica 375,377,401 

mefaatomaoea 375 

VeroneuBiB 376 

DaptopbilnB 508 

B4iualideuB 508 

DaBypogonina 562,563 

Dasy  teB  HndsoiiicnB 569 

Decapoda 613 

DecticuB 541 

Deilepbila  lineata 559 

DeleBBoria  fill va 379 

incrasBata 379 

Hngulata 379 

DendroctonnB  obeaas 541, 569 

DerniesteB  faBciatos 569 

niarnioratnB 569 

nnbilua 569 

Derniestido) 5(^ 

Diacium 514 

qninquepedale 514 

uniiKMlale 516 

Diandra  acutiloba :)74 

Dicbodontidie 600 

Dictyopteryx 575,603 

alpina 576 

intricata 576 

siguata  ....  575, 576, 603, 605 
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Didelphye 472 

Diuictw 509 

feliua 509 

Diuosauria 430, 431, 442, 444 

Diiiothei  itiDi 4G3 

DiospyroB 421 

anceps 382 

bracoysepala 331 ,  401 

CopeaDa 389,414 

laucifolia 381,384,385 

stenotiepala ^^l 

Diplax 588 

assimilata 590 

atripes 588,603 

costifera 588 

flecisa 588,589,603,605 

pallipes 589,603,605 

Bcotica 590 

f$eniiciDCta 590, 605 

vicina 588,589,590 

Diplazium  Muelleri 376,380,393 

Diplogloasa 512,513 

Diplotaxis  obscara 569 

Diptera 539,540,541,561 

Doltchopns 541 

Donibeyopois 421 

wquifolia 387 

grandifolia 377, 382, 404 

obtusa 203,:}82 

occidentalis 382 

triviaUs 382.404 

Domniua 465,468.469 

crassigenis 469, 470 

gracilis 470 

gradata 468,469 

Dory  pbora  decem-lineata 570 

BrassoidiD 542 

Dremotberiiim 502 

DrepaDodon 507 

Drepauodon  occidentalis 509 

primsBvuB 509 

Dryandra  Veronensis 375 

Dytiscidffii 568 

Dy  tiscus  uiarginicolliB 568 

Ecbinomyia 564 

£l8DagDQ8  iDSBqualis 381 

Elapbruscalifornicns 568 

ElateridflB 569 

Eleodes  extricata 569 

bispilabris 569 

hauieralis 569 

nigrina 569 

obAcura 569 

obeoleta 569 

pimelioides 569 

sutaralis 569 

tricoetata 569 

Elephantid» 461 

Elotberium 457,462,463,504 

crasaom 504 

imperator 505 

ingeDS 504 

magDnm 504 

mortonii 463,504 

ramosum 463, 504 

saperbuni 505 

EmbaBsis 465,468 


P«ge. 

EmbasBis  alternans 467,468 

iiiargiualiB 468 

Emy^enthuetUB 436,437 

graviti 441 

megaulaz 436 

pacbylotuuB 436. 

testudineuB 441 

Endrupia  viuosaria ..«.      554 

Ennomos  coloradia 554 

EutomoBtraca 539,542,614 

EobasileuB 456,481,482 

coniatuB 457 

furcatiis 457 

galeatus 456 

pressicoruis 457 

Eobasileido) 462,483,485 

Ephemera 578,582,603 

ooropar 578, 579, 603, 605 

Danica 580 

decora 578, 579, 560, 603 

glaocopB 579 

gnttalato 579,580,603 

Jineata .r...      578 

lutoa 578 

invops 580 

niitata 580,581,603 

vulgata 581 

Epberaerina 578,603,605 

Epicallia  virginaliB..... 559 

Epicautaoiaculata 570 

pruioosa 570 

Epitheca 590,604 

arctica 590,591 

forcipata 590,591 

BemicircnlariB 590, 604, 605 

EqniBetam  Hayduuii 386, 388,  390 

luivigatum 380,395 

limosum , 384 

WyoDiingeDse 388, 409 

Eqmis 525,528 

Erax 563,565 

Erebia  Epipsodea 542 

ErebiiB  odora... 554 

EricacesB 375 

EriiiaceuB 473 

Eriocaolon  poroBum  .««.. 380,396 

ErirhinnB 570 

EriBmatoptems « 461 

EriBtaliB 564 

Erotylid® 570 

Eroty luB  BoiBduvalii 570, 571 

Eatheria 618 

Belfragei 619 

CaldwelU 619 

Califocnica 617,618 

Clarkii 619 

Dnnkeri 619 

Jouesii 619 

Morsei  619 

EatheriadfiB 613,618 

EBtheriae 617 

Ettinghausenia 424 

Stenibergii........       424 

EuaspilateB  spiuutaria 547, 551 

EabraDchipoB 622 

vernalia. 622 

EacalyptuB  americana 389 

Hieriugiana 377,382 

Xtalica ^ 375 
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Euchfetes  Egle 558 

Oregonensis 558 

Eiidanms  Tityrus 542 

Eugenia  laiirifolia 375 

EiiieucopbuiiiB  tricolor 557  | 

Eulinmadia  Agassizii 018 

Texttua 618 

Eiimacaria  bruunearia 553 

Eumeces  foMciutus 514 

Euuiys 474 

elegans 474 

Etiomphalus 208/230 

Enptueta  Claudia 542 

EuryoDiiaiuda 5()9 

Kury tricbus  terminatus 5H8 

Exoprosopa 5(32 

decora 5G2 

ExostinuA 513,515,516 

serratus 514 

FagusAntipofi 385,386,387.388 

Deucalionis 3a5,:W<>,387 

feroniiw 381, 383,  ;J89, 390, 413 

Fcli8 509 

Feuestella Xi9/M\ 

Fiber 474,477 

FicuH 374,376,378,421 

arenacea 387 

aHarifolia 381 

auricnlata 381,385,;tt<6 

BolceuBiB 375 

cinnanioiiioides 381 

Clintoni 381 

corvlifolia :W1 

Gaiidini :585, 386, 387, 388 

Goldiana :W1 

Haydenii 381 

Jynx :W9,414 

laiiceolata..;i76,  :W,  388, 389, 390, 414 

latifolia 381 

luultinervJH 375, 376,  IW7 

oblanceolata 387 

l)Iauico8tata  . .  .373, 376, 381, 384, 399 

pbitinervis Ii77 

populina 389 

Scbiiuperi 377,381 

spectabilis 203,381 

tiliwfolia.  .203, 381, 383,  :W5,  ifc?7, 388, 

399 

truDcata 381,400 

ulmifolia 381 

Ungeri Ii89 

zizypboides 38l,:{99 

Fidouia 551 

acidaliata 551 

FUbellaria 375 

eocenica 380 

fructifora 380,396 

latauia :i76, 380, 383 

longirachi8....376, 380, 383, 396 

Ziiikeni 376,380 

Formica 541 

FraxinuB  denticulata *.W5, 386 

prjJbdicta 81,389,414 

Galeopitbecus 473 

Gamiuarus  lacuritris 600 

limuu^us 609, 610 

Tobustas. 610  1 


Pa/ia 

GastruB  equi 564 

Geccouidu) 519 

Gelocns , 500 

GenpbiiuB 1507 

brevicornis tA37 

Gerrbonotidii" 512, 513 

GerrbonotUB 513 

GlyptOBtrobuB  europo^us 81 ,  388, 409 

Gnopba'Ia  verniiculata 559 

Goiuphina 591 ,  ri04 

colubrinuB 5^2 

GompbuB 597, 598,  G04 

olivaceuB 597, 604 

Gonia 564 

Gouiatites a*l9,  :«l 

Goiiio]>tori8  iwlypodioideH :i76, 380,  li94 

GoniotanliuB 600,602,604,606 

griseuB 600,604 

Gory todt'B  nucanariu 551 

Grapta  zepbyruB 542 

GrcviopBJB 424 

Haydenii 424 

Gunyacites  Heerii 375 

Gyuiuogrannna  Haydeuii  .... 380, 384,  :i86 

GyuiuoptycbuB 476, 477 

ebrysodou 477 

niinntuB 476 

uiiBUtuB 476 

trilopbuB 476 

Gyrinidw 568 

GyriuuB  affluiB 568 

maculiventris 568 

HadiianuB  corsonii 511 

HadroBaurus 446 

foulkei 434.451 

iiiirabiliB 434 

occideu  talis 433, 446 

HallesuB 002 

HalocbloriB  c vmodoceoideB 375 

HalymeuitcB  major. .371, 376,  :579, 383, 384, 

386,388 

minor 380 

BtriatuB 379 

HaploBcapba 455 

capax 456 

HaploscapbidH)  . . . .- 455 

HarpahiB 559 

leueUB 559 

amputatUB 568 

caligiuoBUB 568 

ellipBiB 568 

funeBtuB 568 

oblituB 568 

opucipenuis 568 

pleuriticuB 568 

ruticomiB 559 

Helicida? 623 

HelicoceraB 455 

vespertinuB 455 

HeliotbiB  armigera 555 

HeliscomyB 475 

vetUB 475 

Helix  pulcbella 623 

Heloderma 513 

HelophiluB  bilineatuB 564 

Hemerobina 599,604,606 

HemcrobiuB 599,604,606 

altematus 599 
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5.>/ 


HeniiloQca. 

Hera 

Diana 

lo 

Juno 

Maia 557,558 

Nevadeusis 558 

HeniipentbeH  tMiniinigra 5():{ 

Heoiipronites 339,  IMl 

cra88U8 !252 

crenistria 34 1 

Hemiptera 539,540,541 

HeniitelitesTorelli :i88 

HepiHlus  pulcber 556 

Heptiigenia 581, 58:<,  60:^ 

brnnnea 581,603 

piidica ..  .581, 582, 583, 603, 6U5 

Herpetogompbns 597, 604 

compoBitus 597, 604 

viperinus 597 

Herpetotberium 465, 468, 469, 472, 473 

fugax  465, 466, 467, 469,470 

buutii 4(!6 

niari^inale 468 

Bcalare 466, 467 

Hteveiisonii 466, 467 

tricuBpis 466 

Hesperia  teRitelata 542 

HespcriniiB  brevifrous 561, 562 

Hetterina 598,604 

Californica 598,604 

Het^rocrinnH :j07 

Hippodamia  convergens 570 

parentbesis 541,570 

5-Bignata 570 

HippopotamiiH 463 

Hippotberium 519,522,525,529 

panienso 522 

Bpeciosnm 522 

HiBteridffi 568 

Homalota 568 

Hoiuocamelus 530 

caniuuB 530 

Hoplophoneus 509 

oreodontis 509 

Hyiemoschus 500 

Hyajuodon 461,505 

crucians 429,505 

borridiis 429,505 

Hyale 608 

Hyalella 608 

doutata 608,609 

iucrniis 609 

Hydnocera  subfasciata 569 

Hydrojcia  lorea 555 

Hydrobius  fuscipes 568 

Hydropbilidas 568 

Hydropbilus  lateralis 568 

siiblaevis 568 

Hydropsycbe 574 

Hyineuopbyllum  confusum 380, 395 

cretaceum 423 

Hymenoptera 540,541 

Hy meiiorus  obscurus 570 

HyopotamuH 462 

Hyopsodus 436,461 

Hypertragulus 4()4, 502 

calcaratns 502, 503 

tricostatuB 503 


Page. 

Hypisodus 464,501 

niininius 464,501 

Hyposanrus  vebbii ....     431 

Hypsibenia 448 

Hypsi petes  Californiata 551 

Hyrncby  US 461 

HyrucoiloQ 493 

arcidens 493 

nebrascensis. .  429, 493, 494, 495 
Hyracotherium 436,461 

Icbnennion 541 

Ictops 470,472 

dakotensis 464,473 

Ilex 422 

aftinis :J89 

spbenopbylla 81,415 

stenopbylla 389 

sulkleDticuIata 389,416 

undulata ...389,41<> 

Inocellia 600 

Inoceramus . .  18, 25, 26, 27, 38, 64, 65, 68, 78, 
79,  104,  155,  166, 179, 185,  190, 
196,  202, 259, 302, 315, 317, 330. 

340, 342, 368 

acutirostris 179 

Ipbtbimns  snbla^vis 569 

IpsDejcanuii 568 

Iris  tenax 570, 571 

Isacidaj 466,472 

Isacis 470,472,473 

canicaluB 465, 473 

Iscbnura 598,604,605 

iners 598,004 

Iscbyromys 477 

typus 429,477 

Ischyrosaunis  antiquus 433 

Isogemis 576,603 

colubrinus 576,603 

olougatos 576, 577, 603, 605 

frontalis , 576 

l80Bi>ondyli 432 

Jaglandit^s 424 

Juglans  acuminata  . .  383, 387, 388, 389, 390 

appressa 382,385,386 

Baltica 383 

denticulata 385, 386, 387, 388, 

389,390 

Labarpii 375 

obtusifolia 385 

rbamnoides 3S3,3H5,386 

rugosa 382,383,385,387 

Saffordiaua 382 

Scbimperi 383,389,390 

Sniitbsoniana 383 

tbermalis 389 

Woodiana 385 

Julus 607 

inipressus 607 

Junens 389 

Lacertidu? 513 

Lacertiiia 463,513 

Laccopbilus  truncatus 568 

Lffilaps 448 

Laoiprunota 541 

Lapbria 563 

bi-liueata 563 
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.*entia  cesiuta 549 

(liliitata r>44 

Mtrica  Stj'rittca 418 

4taiiite»  parvulus 'HG 

ioroa 421 

CoUmibi :}81,:W4 

Forbesii 375 

pedutii 377,381, 3H3 

prinii^enia 374,  ;W5 

Bessiliflora 385,:W6,407 

LegnminoHiteH 300,418 

Lepidoptera,  539, 540, 541, 543, 546, 599,  G15 

LepidaroB 619 

glacinlm 616,619 

prtMluctiiH 619 

Leptanchenia  calcarata 5(^ 

iniiiinia 501 

LepteHtbes  cnwuMtellifomiis    4:M) 

Leptictw 470,471,47*2 

haydenii 4<>4 

lieptidse 56:* 

LcptocliwniB 510 

LeptogloBsa 512 

Leptomeryx 501,502,503 

evausii 464,502.503 

Leptopblebia 582,603 

belvipea 582 

palliiMfS 582,  (i03 

Lepas 477 

LeoteB 598,604 

congener 598, 604 ,  605 

diHJnncta 598,604 

forcipata 596 

bamata 598,604,605 

Libellnhi 583,587,603 

coinposita 587, 603 

croceipeuuis 586, 587, 603 

flavida 587,603 

foreriMH 585,603. 

iiodistica 58:^,585,603 

pulcbella 585,<503 

4-iiiacuIata 583,603 

uatnrata 586.603 

Lilwilnliiia 583, 60:^ 

liimenitiH  Weidemoyerii 542 

Xiimnadella  coriacea 618 

Kitei UIH 

JLimnadia 613,614,615,618 

AgHMHizi 618 

Aiiiericaua 618 

coriacea 618 

gigiis G15,61H 

Herinaniii 610 

Texnua 618 

•Limnadiadw 613,617 

J^miiwa 341,343 

Liuinepbilidii* (►02 

LiiniitphiluB <)00, 602,  r>04,  (iOO 

rboiiibicus 600, 60(i 

Xinii>etiH 618 

<ioiildii 61H 

grucilicoruis 618 

I^ingula 35,201,208 

XtiDgnlepis 208 

Xiiqiiidanibar  pracile :^,  422 

iiitegrifolium 422 

XirimliHidron 377,385,422 

Xiistrus  (NsnilM 569 


Litbobias 607 

Americauas 542,607 

pancidens 607 

Litbosia  argillacoa 650 

Litbostege  rotnudata 547 

triseriata 547*549 

Lobopbora  carpinata .•       549 

balterata 549 

luoutanata 547,549 

Lomatia 377 

BolcoDsis 376 

latior 376 

Lopbicxlon 461 

Loxobipbodou  comutns 456, 457 

LoxoDemia 2S2 

Lncanidie 569 

Lycwna  Acmon 542 

nistica 54S 

Lycopofliam  prominens 388, 409 

LycoMoidie 542 

Lyda  Carpenterii 541 

Lygwna  circanicinctaa -. . .       541 

reclivatus 539,541 

Lygmlium  compactam 360 

nearopteroides 388 

LVmuetiR 613 

Lytta  Nnttalli 570, 571 

spbirncollis :..       570 

Macaria  CaHforniata 553 

dispuncta 549,553 

enotata 553 

sex-xnucalata 553 

MacbierodiiB 508,509 

oreodontis 509 

Macraacbenia 499 

Macrosila  qainque-macalata 559 

Magnolia 376,421 

alteruaus 376 

capcllini 376 

cordifolia 382 

Hilgardiana,377, 382, 383, 385, 386 

lugleHeldi 382,387,388 

laurifolia 382 

Lesleyana 377, 382, 383, 4Cl8 

I  uvalis  ; '382 

;  Malachidic - tSfl9 

'  Muiuestra  picto 555 

!  Marmoptery x  niarmoratn 552 

teasellata 552 

MartcH 680 

nitiatelinas 520 

;  Mastodon    519,531 

Tniriilcns 532 

ObioticuH 519,532 

proavnn 531 

McClintockia  Lyaim 382 

Meekia 455 

j  biillata 455 

Bella 455 

Megaceratops  aeer 488 

I  coloradoeoBis 430 

I  beloceras 487,492 

Megacerops  coloradeusis 484, 485 

I  Megalaapis .* ...-•       208 

:  MegaloHauma 445 

Melanippe  conconlata 550 

goihicata 550 
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Ifelaaippe  haatatn Srxi 

Kodiakitta "" 


lu( 


&6U 


losiibratD 544,5.'>CI 

tiistata &50 

Melunuphila  loniflpei 5(i9 

Melitlireptaa 564 

oylindriciia SW 

Melu«  n«>ar  aogutiticiiltii 5T0 

Meloidm '"" 


ili-i 


.11 U 


lemuriuum  .. 

Mervcbippns !>34,  5iS 

Mer;cbyuB *)2,529 

clDKaDH 6*29 

ni^jor Si!i9 

Hcrycodus 531 

gummifer Z'M 

necatuH CSl 

Mesonyi 461 

MeBoihemia 587, 00:1 

,  collocatA ri87,U0:l 

cumipta 6B7,<X>3,6(» 

lllola t,B7,603 

583 
587 


lougipeuii: 


■uplicicolliB 
MetiblctUB  nuiericanaB.. 
MoialnphoduD  arniatue.. 


..541,M2 
.  -       491 


ophryaa .   . 

Miortnus 604 

BobrioB 604 

Miotliea  craBaigenia 470 

sracile 470 

MoIluBcn                    54a 

Moiiili'iiiaiunulntuni 570 

Monobunimufl  BcateltatOB 570 

Mi)Klella.*ciitellari8 570 

MoTdelliils 570 

MoTUBDlllDiB   3%,  3(16 

Muridm .. :.,. .  475 

Mna 474 

deciiDiiuinB ...................  474 

i^Iegans  ......................  439 

(Enmva) 474 

641 


ery  tlirocephalBi 540, 641 

MoBcidEe 564 

MnBophyUnm  oomplicatoia.. 418 

MycetophilUlfli ....549, 5MI 

MyopB .... 475 

Uyrica SIO,  43S 

Bcuniinata 81,389,411 

acutiloba 374,41*2 

ambiRua 364,366 

Brougolarti 413 

CtiiDptODia m 

CopiUDA 369,411 

laUloba 81,389,413 

Meaegbiui 376 

minor 380 

DiKricuia 369 


Myiica  Torrey  i . .  373, 376, 377, 380, 363, 397 

aDdiiluts 389. 4U 

HyriopiMU 542 

MyriDHleoii 599, 6(e 

diveraaa 599,606 

nigrociuctna 60.^ 

MTTtoceip.. 376 

Mysiiicidai 60S 

NaUtora 431 

NaupHnB 613 

Nebria  Sahlberrii .541,5«8 

Necropboroa  vein  tin  aa .WS 

Ndnmbiain ■- 377 

Buchi 377 

LakeBisDnm 333,403 

t«naffolinm m.iOi 

.Somaliia 567 

Nemoopbila  giFonieiriea -  559 

Ntmugtistha  larida 570 

NerooTa  ciuttrra 576 

InterallD 578 

nitida 57B 

NepsditeB  374 

NeplieliB  )nt«rulis  .: 623 

quMlri  striata 023 

N(>pbelopiii8  uliBCura 823 

NdurodromicDB -■■' 616 

doraalia 617 

Nenroptera S.'B,  599,  (i04 

NilktnlidiP 568 

Nootnidie ..  554 

NoiuospiB  paxvnla 570 

Nomopbila  noctnella .  548 

XcilhopuB  zabroides .-  56d  , 

NotoxoB  bitUacialns 570 

anbtiliB 570 

XcTtnrq^. 460 

Xysa^muceolata ; 385 

Obolna 208 

Ocytea  Draco 542 

Odonsta 583,  596,603,60b 

Odontomyia 363 

intermedia--. ^.....L--      5C3 

niKTiToelrie..... 663 

Odynerua  tigiia -      541 

(Edemeridte 67fl 

(EstridiB 564 

Olenna fiOB 

Onthopbagaa  latobnwDS 669 

Opeerapha  autiqna 379 

Ophidla 463, 51« 

Ophileta  coDiplaDftta 36,203 

Opbtofflouam  Allvni 3iH 

C^logumpbua 591.601 

biBon 596 

colDbrinQB  . . . .  .■i92, 604 
luaiiienaU -^^3,595,596,604 
TuniuHiiltiiiBiB  .59^),  594, 596, 
604 
aevenia .  - .  591, 592, 604,  Glfi 

Orbicnia 78 

Orbitoides  niBDUUii 443 

Oteodon 496.499 

cnlbertBonii 429,496 

gracilia 429,496 
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Oreodontida) 462 

Orothoriuni 469 

index 441,459 

vaHaccieuso 4^)6,441 

Orthis 20rt,  209, 230, 309, 311,  :«9, 341 

desinopleura 208,2:^0 

Orthoceras 307,309,311,339,341  | 

Orthoptera 539,541  | 

Osniylns 599  : 

08trea.26, 27, 38, 104, 19(5, 202, 315, 317, 340,  i 

342  ; 

coinploxa 315, 317, 340,  :M2  ; 

congesta 18, 25,  (>H,  7H,  4:53  I 

subtrigonalis 20,124  : 

OxyiK>da 5(i8 

Oxyrhiua 508  | 

0xyt6lu8 5C8  I 

Palieoclioerns 463- 

Palu2olagu8 477 

agapetillus 478 

buydenii 429, 478, 479 

triplex 479 

turgidus 478,479 

Palfl;o8cincu8 448 

PttlujOHVops 461,483 

PalaeotJierium 461, 480, 48:^ 

PaHnru8 203 

Paliurus  Coliimbi 387,388 

Florisanti 389,416 

zizy  phoidea 373, 382, 383 

Palmacite8 380 

Palndina 436 

Pantala 583 

hynieruDa 583 

Papilio  KnrymedoQ 542 

Rutuhis 542 

Paradoxides 208 

Paraiuy8 475 

relictiis  .... 475 

Parnassius  HmintheaB 539, 541, 542 

Pa8imachu8  eloiigatas 568 

obMoletus 568 

Patula  Cooped 623 

Btriatella 623 

strigosa 623 

Pelecorapis  varians 431 

Pelonax 504 

cra88U8 504 

ramosuB 504, 505 

Peltosaurus 511, 512, 513, 515 

grnimloRns 513 

Peniphigns  [)opulicauli8 567 

PentacriniteB 347,:M9 

Pentacrinns  asteriscus 105, 196, 440 

Perissodactyla 441,480,482,520 

Peila 577,603 

ebria 577,603,(>05 

sobria 577,603,605 

Perlina 573,574,575,602,605 

Persea  ftro88iana 385, 407 

laiicifolia t^i  "**"•*       *^^ 

Persoon  ia  oviform  is -'<^«\^-  -  •  •       '•^'> 

Pbabwnida- 64S;&44, 546, 549 

PhanoiUM  carnifex - 569 

Pbasiaue  oxcurvaria  • 552 

tlavofiwciata 552 

Meadiana 547,552 


Page. 

Phasiane  Rippcrtaria oSQ 

Binuata 552 

Phenacodas 458 

primievuB 441,  458 

Pbibalapteryx  intestiuata 551 

Phillysia 71 

Pboiiii  08  aiigU8tatus 569 

Iacn8tri8 569 

Pbragiuites  Alaskaua :i84 ,  386 

aiiingeii8i8 . .  :kH),  :^3,  :V54,  3^,^ 

388, 381),  :J90 

Pbryganea C502 

Pbry^aiieidie 541 

Phrygauiua 600.604,605.606 

Phyciodes  Cuuiillus 542 

Carlota 542 

PhylliteB  MaboDiiieformi8 :)83 

repandii8. 424 

truDcatus 383. 

Pbyllopoda 613,618 

Pbysa 77 

Picidas 5:i8 

Pieris  occideutali8 541,  542 

oler&cea 542 

Protodicti 542 

Piuu8  polaris. 389,410 

eocenica :)77 

ponderofta 571 

racemosa 377,381.4Ua 

Pisonia 377,389.42? 

PlaDeradubia 384 

lougifolia 81,389,413 

PlanorbiB 77 

PlaBtomeiias 4«'>3 

iuBigois 433.  4o4 

punctiilatiiH 433, 453 

triuuycboides 454 

Plattua  Californiaria 551 

Platauns ..-.126,377 

aceroiduA 385,386,387 

diibia :)85,386,406 

GuiUelmae 381,383,3«7 

Haydenii,  203,219,377,378,381,:«3 

iiobilis 197,385 

Rayuoldsi 377,381 

rhoiuboides :^7, 381 ,  400 

Platbeinis 583,585 

suboniata 585 

trimaculata 583,  :t85 

Platyceras  depresaus 569 

PlatyDUB  cbalccoB 56<^ 

placidus , 568 

Platypbylax 600,605 

atripea ..  600, 601, 602, 6a5, 606 

deaignatuB 600. 605, 606 

Plafyphyiua  moutaua 541 

Platyrbachis 516 

coloradoenBiB 516 

Plecia  loDgipes 552, 502 

Pleurodonta 513 

PlenropboroB 243 

Pleurotomaria 231 

miBBoarieDsis 231 

Taggartl 231 

PluBia 

alticola , 554 

divergens 554 

Hocbcnwarthi 546,554 
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Pajie. 

Plusia  ignea 554 

Poa 210 

Poacites 210 

Itevis 3H9 

Podabnis  Ia*vicol1is 541,509 

Podocurpeai 375 

PodogODiuni 390, 417 

Poebrotheriidui 500 

Poebrotheriuiu,  429,463,464,498,500,501,503 

vilsonii 500 

Polyonax 451 

mortnnrias 433,  I4H,  451 

Polyphemus  ocuhis 015 

Polypb Vila  lO-liueuta 569 

Polystcpcbotes 599,604 

punctatus 599, 604, 005 

Populus 424 

lequalis 387 

arctica 384, 386, 387,  H88, 406 

attennata 380,387 

balsamifera 570 

balsnuioides 380, 384 

conlifolia 387 

dccipicns 387, 388 

beliadnm 380,397 

hiDcifolia 1^4 

latior :387 

leucophvlla 380,  :W 

iponodon :}77, 380, 383 

umtabilis  . .  .377, 380, 384, 387, 397 

ovalis 3j;4 

Raynoldsii 383 

repaDdo-cronata 384 

Ricbardsoni 389,411 

transversa 387 

trenniloides 570 

Zaddacbi :,84,380 

Porrbodites r:68 

Potamogale 473 

Potamognlida^ 473 

Potaiuogctou  nnyadum 375 

tritonis 375 

Proboscidia 483,531 

Procamclus 464,529,530 

angustidens 529, 530 

gracilis 531 

beterodontns 530 

niobrarensis 529 

occidcntalis 531 

robii8tn« 529, 5:J0 

Prodactus  ..  .46,59,60,71,77,242,309,311, 

3:^9, 341 

nuiricatoB 252 

ucbrascensis 231 

prattenanus 231 

seniireticulaiis 2^M 

Promina 376,:r77 

Proteaceai 375 

Proteoides 105, 196 

acuta 105,196 

Protohippus 519,523,528 

insignis 523, 525 

labrosus  523,524,525 

mirabilis 523,525  | 

perditns 523,524,525,528 

placidus 523, 524, 528 

sejunctus  . .  .523,  524, 525, 526, 

528, 529 
Protomcryx  ballii 500 


Poffe. 

Prutomeryx  vilsonii 500 

Protomyidaj 477 

Protoplasa 566 

Pseudoneuroptera 602 

Paeudotomus 477 

Psycboniorpba  upimenis 559 

Pterisaffinis 380,392 

uHceps 380 

erosa 380,392 

Gardueri 380.393 

peiinajformis  . .  380, 38:^,  383,  :m>,  29z 

Hubsiuiplcx :W),392 

Pferocai  ya  amoricana 81 ,  390, 417 

Pterunarcys  badia 573, 574,  (502, 605 

biloba 573 

Call  torn  ica 573, 602, 605 

protons 574 

regularis 573, 574 

Pterophoridae 544 

^terosanria 431 

Pterusticbus  longulns 508 

liicub/anduH 568 

Lnczotii 5<i8 

protract  08 568 

Bcitulus 568 

Ptychoceraa 455 

aratus 455 

Ptycboptera 566 

Prycbopterina 566 

PyralidiE 548 

Pyrameis  Atalanta 542 

Py  tbouoDiorpba 431 

Qnadnimana 463,510 

Quei^ns 203,219 

aciodon 387 

u^uinlans 387 

alba 262 

angustiloba 381,383 

att^nuata 381,398 

Benzoin 381 

Bnrmensis 378 

cbloropbylla 377, 381, 383, 385 

Cleburni :W1,399 

crassinorvis 377, 381, 383. 384 

drymeja 384 

Elkoaria 389,413 

EUisiana 385,386 

Evansii 385 

furcinervis  ..375,378,381,389,398 

Gaudiui , 385 

Godeti 385 

Goldianus 381, 398 

Havdenii 387 

Heerii 222 

Laharpi 385 

lonchitis 374, 375, 389, 398 

Lyelli 381 

Moorii 381 

niultinervis 381 

myrtifolia 381 

negimdoides 384,386 

neriifolia 389,413 

Olafseni 387,:^ 

Pealei '....385,386 

platania  384,380,387,388 

platincrvis 381,384 

primordialis 378 
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Qoercus  retracta 381 

Saflordi 378,  :Wl 

semi-elliptica 389 

Btramineus 381 

triani^ularis 381 

WyomiDgiana 381 


Raphidia 600,605,606 

Retzia  punctulifera 252 

Bhamnus 377,378,421,424 

acaminatifoliuii 382, 385 

alaternoides 382,405 

Carolinianas 421 

Cleburui 203,382.383 

Decbenii 382 

deletes 382 

discolor 382 

Fiscberi....  .............      382 

(Soldianns  V.  382,383, 387,"  :ie8, 405 

ina^qualis 382,405 

intermediuB 387 

latior 382,387 

inarginatus 382 

Meriani 382,405 

obovattis 382,383,285,386 

Poldianus 219 

rectinervis 382, 383, 385, 405 

salicifolius 382,383 

Rbineastes 459 

calvuB 441 

pectinatus 430,459 

Rbiooceridce 461,483 

RhiDoceruB 461, 482, 486, 491, 495, 521 

RbiDOcerus  crassus 521 

Rbizocaulon  gracile 380, 396 

Rhus 210,422 

bella 385 

deleta :<85 

drymeja 81,389,416 

Evansii 385 

Haydeni 81,389,417 

Rbyacopbila 602,605,606 

RbyacopbilidfiB 602 

Rbyncbonella 339,341 

osagensis 252 

Ribes  rnbrum 262 

RodcDtia 474 

Rosa  blauda 262 

Rubus  deliciosus 262 

strigosuB 262 

RndistflB 455,456 


Sabal 197,203,373,378,421 

Cauipbellii 380,383 

Goldiana 380 

Grayanji 377,380,383,384 

major 380 

Statbiiiopliorus  Argus *. . .       601 

gilvipes 601,602 

Salicinete 377,378 

Salisburia 378 

biriervata 3t0 

polymorpha 380, 384, 386 

Salix 262,422,424 

angusta 210,384,386,389 

deusinervis 378, 380 


Saliz  eloDgata 389 

EvaDStoniana 384|3d6 

Groenlandica 384,386 

iutegra 380,397 

Islaudica 384 

media 411 

tabollaris 378,380 

Salviuia  cyclopbylla 388, 408 

Sautalum  memecycloides 375 

Sapindus  angustifolius 81, 389, 415 

caudatUM 382,383 

coriaceus 389, 415 

obtnsifolius 419 

undulatus 382 

Sa])otocitos  ameiicauus 383 

Saprinua  oregonensis 568 

Sassafras 376,377,385,488 

Mudgii 376 

Satyrus  Charon 542 

Ridiugsii 548 

silvestris 548 

Sanropterygia 431 

SaururH) 431 

Scalops 466 

Scaphitea 38,104,368 

Scarabieidro 569 

Scenopinus 559 

ScinridtiD 475,477 

Sciurus 475,476 

hndsouins 475 

relictus 475 

Sclerotium  pustnliferum ••..       386 

rubellum 379 

Scoliopteryx  libatrix 555 

ScolytidiB 569 

Scotosia  Californiata 551 

Meadii 551 

Selachii 432 

Selagiuella  Berthondi 380, 395 

Selidosema  Califomiaria 558 

Jutuniaria 558 

Sequoia  augusti  folia 81, 388, 409 

CoutsitB 388 

U^gfjl ^_^       3^ 

LangsdorfiV.SeO,' 383,"  384^395, 410 

Sericomyia  militaris 564 

Sialina 599,605,606 

Sida 613 

Silpba  lappouica 568 

ramosa 541,568 

Silphida) 568 

SiuinlidoB 568 

Simutinm 568 

Siuerintbus 559 

Smilaz  gnmdifolia 380,386,388,395 

obtusaugula 380 

SolenodoD *  ilJS 

Soricida) 468 

Sparganium 389 

Spbenopteris  eocenica 376, 380 

Johnstrupi ^       423 

niembrauaoea 380, 394 

nigricans 380,394 

Spheria  lapidea 379 

myricie 379 

SpingidsD 559 

Spiriler  ..  71, 77, 231, 242, 243, 247, 258. 339, 
opimus 341,231 
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Spiriferina 1S8,243 

Spond^lis  apiforiiiis 570 

SpoDguliB 307 

Stapbylea  acamiuata 81, 389, 390, 4 15 

Stapbylinidse 568 

StatbinophoruH 601 

8tenobothru8  Carpenterii 541 

Stenophylax 600.602.604 

divergeas 600,605,606 

gilvipea 601,605 

Stercniia  variabilis 376 

StercaliiB 375 

Stereopalpas  guttatus 541, 570 

Stibarus .*      503 

obtatilobns 503 

Stigmaria  f ncoides 245 

Stratiomyia  Dympbis 563 

Stratiomy  idse 563 

Streptocepbalus 614,618,6*2 

similis 622 

Texauus 620, 6*22 

Stylemys 511, 5:« 

DebrasceiiHis 511 

Diobrarousis 51^2 

Snccinea  liueata 623 

Symborodou 463,480,484,485 

acer. .  ..481, 482, 484, 485, 486, 

488, 491 

altiro8tri8,484, 485, 486490, 491 

I  bucoo  . .  481, 482, 484, 485, 486, 

488, 489, 491 

bt5loc«raR 484, 485, 487 

by  jKMjeras 484, 491 

opbryas  .484, 485, 489, 490, 491 

I  torvas 485 

trigonoceras 482, 484, 485, 

488, 489, 490, 492 

Syrpliidie 563 

8yr|>bu8  corollae 564 

obliquus 541, 564 

vitripeDDifl 564 

Systcpchns 563 

candidulu8 563 

TabanuliB 540,541,563 

Tabauus 56:i 

Broiuius 563 

quutnurnotatns oG^ 

tropicus 563 

Tacbinidte 564 

TacbyUt  liturata 570 

Talpa 465,473 

TalpidjB 465,466,468,472 

Taracbu  caudefacta  . . : 555 

Taxodium  dubiuin 386,388,390,409 

tijunornui liS8 

Telea  PolypbeiiiUH f>58 

Telepbnrida* 569 

TeDebriouidtt) 569 

Tentbredioida; 567 

Tepbrosia  dist'iiocta 553 

Terebratula 198,202 

bovidens 252 

Terniiualia  radobojeosis 382 

Teriijitiiia 571,602 

Termopais 571,572,573,602 

angusticollis 571,572,602 

Nevadensis 602 


PagA. 

TernMnMia.  occidantia 57S,  008 

TestadiData 431,453^511,539 

Testndo 511 

ampbithorax 511 

ooltratoa..,.- 511 

lotieanexis 511 

ligoniiw 511 

iMbrasceDsia 511 

Tetraopes  femoratna 570 

TherevidaD 541 

Th©ridoid» 548 

Tbespesiat 445 

Thomi8oid» 548 

Tbnitea  callitrina 388 
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